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Portland Harbor Remedial Investigation/
Feasibility Study Work Plan

PREFACE

This draft of the Portland Harbor Remedial Investigation/Feasibility Study (RI/FS) Work Plan has
been prepared by the Oregon Department of Environmental Quality with input from a broad range of
entities, including the Environmental Protection Agency (EPA), natural resource trustee agencies, tribal
governments, community interests, and industries that own property or conduct business in the Portland
Harbor area. It describes a phased approach to investigating contaminated sediments in a 6-mile stretch
of the Willamette River, commonly referred to as Portland Harbor. For investigation purposes, an area of
concern (AOC) has been identified, stretching from river mile 3.5 at the southern tip of Sauvie Island to
river mile 9.5 at Swan Island. If investigations indicate that the nature and extent of contamination
extend beyond the 6-mile AOC, DEQ will proceed to identify and deal with those contaminated sediments
as well, adding to the AOC definition as needed to fully reflect the contaminated areas. The work plan
also describes the feasibility study (FS) that will ensue if the remedial investigation (Rl) concludes that
environmental protection objectives are not being attained. In this case, too, the AOC will be expanded if
necessary to cover additional areas of contamination.

This work plan has been developed to comply with the contaminated site investigation and cleanup
requirements of Oregon's Environmental Cleanup Law (Oregon Revised Statutes 465-200 et. seq.),
which was modeled on the requirements of the Comprehensive Environmental Response Compensation
and Liability Act or CERCLA, and its implementing National Contingency Plan (NCP). Oregon's
regulations for contaminated site cleanup are found in Oregon Administrative-Rules 340-122. This work
plan represents a CERCLA-equivalent approach to investigating the area of concern, and identifying and
evaluating appropriate remedial actions. The RI/FS will be controlled by OAR 340-122, but consistency
with the NCP is built into every aspect of the plan. At this time, relatively little detail has been provided on
the FS process, but that section of the plan will be consistent with NCP requirements. Evaluation of
applicable or relevant and appropriate requirements (ARARs), another element of the NCP, is also
included for consistency.

Phase 1 of the Rl, the reconnaissance and scoping phase, is described in detail in the work plan, and
the results will serve as the basis for final development and focusing of Phase 2 investigations. The
Phase 2 work plan for the focused investigation phase is also defined in this document, and will serve as
the default set of requirements for Phase 2 Rl activities. It is possible that some supplemental Rl
activities will be needed as a third phase, but that is to be determined following Phase 2 implementation.

The work plan has been designed so that it will be primarily implemented by a group of responsible
parties, based on detailed work plans and protocols that they will develop and have reviewed and
DRAFT PORTLAND HARBOR RI/FS WORK PLAN PAGE 8
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approved by DEQ. Within Phase 1, three tasks will be the responsibility of DEQ: development of
sediment quality guidelines, as well as development of target tissue levels and tissue screening
concentrations. The responsible parties, with DEQ oversight, will complete all other Phase 1 tasks. All
activities in Phase 2 will be accomplished by the responsible parties, with the exception of DEQ's
development of biota sediment accumulation functions and identification of final reference and
comparison areas. The development and use in the AOC of the guidelines and screening levels is
designed to ensure that AOC-specific conditions are taken into account in setting standards, criteria, and
cleanup approaches for the Portland Harbor RI/FS. Costs for the DEQ-implemented tasks will be funded
through Oregon's Orphan Site Account and recovered from responsible parties.

The Rl will be conducted on an AOC-wide basis, taking into consideration data collected to date on
specific sites within the Portland Harbor area as well as the joint 1997 EPA/DEQ study of contamination
in Portland Harbor. The AOC-wide Rl will not depend on the collection of site-specific sediment data by
individual responsible parties; all required data will be addressed by the AOC-wide work plan. For sites
that are currently conducting facility-specific RIs, DEQ will use specific criteria to determine whether it
would be appropriate to generate new or additional sediment data outside of the overall Rl. Of course,
circumstances that represent an imminent or substantial danger will also justify gathering site-specific
data. Criteria for existing sites that will justify additional data collection outside the AOC-wide Rl include:

• Sediment contamination that will likely require remediation has been identified; and

• Release mechanisms from the specific site to AOC sediments have been largely
characterized; and

• Additional sediment data may be necessary to address releases of hazardous substances
from the site to the AOC, or the continued migration of sediment contamination within the
AOC.

For new sites, additional site-specific data will be generated independent of the AOC-wide Rl if such
data are necessary to determine whether the site has contributed to contamination within the AOC.
These data would be collected during the expanded preliminary assessment phase for the specific site.
Coordination of work at uplands sites and the AOC RI/FS will be accomplished through DEQ's cleanup
program site management staff, using structured methods of communication, information sharing, and
standardization of enforcement mechanisms.

DEQ will integrate all existing site-specific sediment data that are of acceptable quality into the AOC-
wide Rl sampling scheme. CERCLA provides for recovery of damages for injury to, destruction of, or loss
of natural resources resulting from exposure to contaminants. The natural resource damage assessment
(NRDA) process is used by federal and state natural resource trustees to assess such damages,
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calculate their value, and plan for resource restoration. NRDA assessments are the sole responsibility of
the natural resource trustees, but there will be information generated from the Rl, especially the human
health and ecological risk assessments, that can be useful to the NRDA assessment. The activities
described in the work plan are not designed as preliminary work toward a NRDA assessment, and will not
constitute such an assessment. They are likely, however, to produce information that may help resolve
natural resource damage issues and facilitate a comprehensive settlement with responsible parties.
Continuing coordination with the natural resource trustees during completion of the work plan and its
implementation is planned.

DEQ is proceeding to oversee ongoing site-specific investigations, and to identify and bring into the
cleanup program other sites that have been identified and judged to require further investigation. Site
investigations and feasibility studies are being performed or planned as appropriate, and source control
activities have been undertaken. To achieve the AOC-wide RI/FS, DEQ will enter into administrative
consent order negotiations with all responsible parties identified within the AOC. This work plan will be
the basis for negotiating an enforceable mechanism to accomplish and fund the Phase 1 and Phase 2 Rl
activities, and the FS phase if applicable.

DEQ estimates that implementation of Phase 1 of this work plan will be completed in approximately
12-18 months after completing negotiation of the Administrative Consent Order with a group of
responsible parties. A detailed Phase 1 schedule is in development. This work plan identifies preliminary
cost estimates for Phase 1. Funding requirements and an implementation timeline for Phase 2 activities
will take place based on the results of Phase 1.
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1. INTRODUCTION

The State of Oregon is committed to protecting its present and future public health, safety, and
welfare, and the environment, in the event of a release or threat of a release of a hazardous substance in
the lower Willamette River, in Portland Harbor, specifically the six-mile project area of concern (AOC),
and at specific sites in and near the AOC.

Current and historical industrial uses of the Willamette River led to concerns about possible
contamination of river sediments. In 1997, Oregon's Department of Environmental Quality (DEQ) and the
United States Environmental Protection Agency (EPA) undertook sampling of sediments in a 6-mile
segment of the river between river mile (RM) 3.5 and RM 9.5, referred to as the Portland Harbor. The
results of the study, released in 1998, showed that sediments in discrete areas of this river segment
contained detectable concentrations of metals, polychlorinated biphenyls (PCBs), pesticides, herbicides,
dioxins and furans, tributyltin, and polycyclic aromatic hydrocarbons (PAHs). While most of these
contaminants occurred near existing or pending DEQ cleanup sites (EPA 1998), some areas of elevated
chemical concentrations were not associated with known upland sources. However, contaminant
concentrations in this second group of areas were generally lower when compared to those areas near
known sources. From these results, EPA believed that Portland Harbor might deserve listing on its
National Priorities List (Superfund List) and that cleanup of its contaminated sediments should be
addressed through the federal Superfund (Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 or CERCLA) process. DEQ requested that EPA defer the site cleanup to the state
and allow sediment contamination issues to be dealt with at the state level. DEQ developed the Portland
Harbor Sediment Management Plan (PHSMP) in 1999 as the first step in addressing sediment
contamination in Portland Harbor.

1.1. Portland Harbor Sediment Management Plan
The PHSMP explains DEQ's approach to protecting human health and the environment, both now

and in the future, from threats from contaminated sediments in the AOC. The PHSMP describes a cost-
effective and efficient approach to sediment assessment, source control, sediment remediation, and
sediment management under the laws applicable to cleanup and water quality. The PHSMP addresses all
the elements needed to move ahead and successfully complete an assessment of sediments and any
needed sediment remediation. Legal, technical, and administrative capabilities; financial and
programmatic arrangements; and an approach to effectively involving the broader community in Portland
Harbor issues are also specified. The technical approach and decision-making framework delineated in
the PHSMP served as the basis for development of the Portland Harbor Remedial Investigation and
Feasibility Study Work Plan (work plan), DEQ's second step in its program to address sediment
contamination in Portland Harbor.
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1.2. Portland Harbor RI/FS Work Plan

The work plan describes a remedial investigation (Rl) and feasibility study (FS) for the AOC, the 6-
mile segment of the Willamette River between the southern tip of Sauvie Island (RM 3.5) and Swan Island
(RM 9.5). The work plan is equivalent to what is required under CERCLA. The Rl will include collection
of data to characterize physical and biological conditions in the AOC, determination of the nature and
extent of sediment contamination, assessment of risk-specific objectives related to human health and the
environment, and collection of data to support the design of selected remedies. Test protocols, data
quality objectives, data management practices, evaluation criteria, and other methodologies detailed in
the work plan will direct sediment remedial investigations.

The PHSMP established the following goals for reestablishing and maintaining sediment quality in the
AOC: (1) protect the benthic community; (2) support commercial use of the harbor; (3) allow recreational,
subsistence, and occupational use of the harbor; (4) provide a safe pathway for migratory fish; (5) prevent
harm to individual threatened, endangered, and other special status species; and (6) protect endemic fish
and water-dependent wildlife populations.

The work plan translated these goals into the following four objectives, each of which must be
attained in the AOC to fulfill DEQ's overall goal of protecting human health and the environment:

• (1) Benthic community mortality, growth, or reproduction is not unacceptably affected by
exposure to contaminants in the water or sediments.

• (2) Mortality, growth, or reproduction of threatened, endangered, or other special-status fish
species, as well as resident fish populations, is not unacceptably affected, either directly or
indirectly, by exposure to contaminants in the sediments.

• (3) Mortality, growth, or reproduction of threatened, endangered, special-status, or indicator
(surrogate) piscivorous bird and mammal species, as well as resident piscivorous bird and
mammal populations, are not unacceptably affected, either directly or indirectly, by exposure to
contaminants in the sediments.

• (4) Persons using the AOC for recreational or occupational purposes, including boating,
swimming, recreational and subsistence fishing, diving, etc., are not exposed to unacceptable
risks from contact with, or incidental ingestion of, sediments, or through consumption of fish or
shellfish exposed to the sediments.

The primary purpose of the remedial investigations in the AOC and associated areas is to gather
those data necessary to adequately evaluate the attainment (or nonattainment) of these four specific
objectives. Wherever possible, a data type, such as sediment chemistry, collected to evaluate one
objective, will be used to evaluate other objectives, thereby minimizing redundant sampling efforts.
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Following the Rl, an AOC-wide risk assessment (see Section 5.0) will be performed. If objectives for
the AOC are not being attained, the FS component of the work plan will serve as the mechanism for the
development, screening, and detailed evaluation of alternative remedial actions on an AOC-wide basis
(see Section 7.0). The FS will be conducted and remedies undertaken on an area-wide basis. No site-
specific risk assessments or FSs will be performed.

1.3. Coordination with Natural Resource Trustees
CERCLA allows recovery of damages for injury to, destruction of, or loss of natural resources

resulting from a discharge of oil or a release of a hazardous substance covered by either CERCLA or
Sections 311(f)(4) and (5) of the Clean Water Act (CWA). Section 301 (c) of CERCLA, often referred to as
the Natural Resource Damage Assessment (NRDA) process, requires the promulgation of regulations to
assess such damages. NRDA determines whether injury to, or loss of, trust resources has occurred;
ascertains the magnitude of the injury or loss; calculates the dollar value of the injury, loss, or cost of
restoration; and develops a restoration plan.

Recognizing that a NRDA is the sole responsibility of the natural resource trustees, the work plan
requires conducting sediment assessments that will to supply useful information to both the ecological
risk assessment and NRDA processes to the extent practicable. It may be possible to resolve partially or
completely natural resource injury issues during the investigation by coordinating with trustees to ensure
the collection of mutually useful data. Properly designed, the ecological risk assessment may help
determine the following: if a discharge or release occurred, whether trust resources have been affected, if
injury has occurred or is likely, and whether planned remedial responses will or will not be sufficient to
protect or restore the resources. In addition, it can provide the trustees with information for evaluation of
possible injuries to trust resources.

The ecological risk assessment conducted as part of a sediment investigation is not intended as
preliminary work toward a NRDA, nor does it constitute a NRDA. Nonetheless, a properly designed
ecological assessment may go a long way toward resolving questions that might otherwise require
lengthy NRDA-related proceedings and delay or prevent a comprehensive settlement with responsible
parties.

1.4. Geographic Definitions
Several place names are used frequently in both the PHSMP and the work plan. The term "Portland

Harbor" generally refers to that segment of the lower Willamette River open to navigation by ocean-going
vessels as the result of federal dredging of the navigation channel that extends to about river mile (RM)
11.8 (see Figure 1). The PHSMP used the terms "Harbor" or "Harbor Area" to describe the 6-mile
segment of the Willamette River between the southern tip of Sauvie Island (RM 3.5) and Swan Island
(RM 9.5), a segment that encompasses the bulk of the industrial and shipping activity on the lower
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Willamette River. In keeping with the terminology used in other river sediment investigations, this 6-mile
segment will be termed the "area of concern" (AOC). Note that, per OAR 340-1 22-11 5(34), this AOC may

1

1

1

1

be extended as needed to include any other portion of the river where contaminants have or
to be located — this additional area is termed the "locality of the facility" (LOF).

could come

A "site" is a current or "to-be-discovered" future location as defined by OAR 340-122-115(26). At
present, all known sites of interest are within the AOC. Again, as with the AOC, a site may be
the LOF if contaminants are found to have migrated outside its nominal boundaries.

extended to

Reliable "reference areas" are used primarily for the development of sediment quality guidelines
(SQGs). However, they will also be used for bioassay testing during AOC investigations and dredged-
material evaluations, and for benthic investigations. Suitable reference areas within the Columbia River

1

i
I
i
i
I
i
I
i
i
i
i
i

will be identified at locations that are presumed to be unaffected by site-related contaminants,
and below the confluence with the Willamette River.

, both above

"Comparison areas" are needed to evaluate the degree of sediment and fish-tissue contamination in
the AOC, as well as to estimate transport and fate processes in the lower Willamette River. Comparison
areas will be established in the lower Willamette River from immediately above Willamette Falls (RM 28)
to its confluence with the Columbia River (RM 0), excluding the AOC itself.
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Figure 1. Geographic Relationships in the Lower Willamette River
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2. PROJECT SCOPING

This section describes the current understanding of the physical and biological setting of the AOC,
the history of the AOC, and existing information on the condition of the AOC. The purpose is to describe
the nature and extent of contamination identified to date as a basis for the Rl. The full analysis is
presented in the PHSMP, and incorporated here by reference to specific sections. This section contains
information available since completion of the PHSMP in June 1999, or substantial revisions to the
information in the PHSMP.

2.1. Site Description

The AOC is within the final reach of the Willamette River downstream of Willamette Falls and
upstream of its confluence with the Columbia River. It is heavily developed, with many docks and marine
facilities. Additional information is provided in PHSMP, Section 4.0 ef sec/, and Appendix G, Section 2.1.

2.2. Contaminants of Interest
Types of contaminants in Portland Harbor have been identified though a screening process. For

human health and ecological risk assessments where various toxicity screening processes may be
applied, chemicals that have been screened-in without considering toxicity, e.g., by using frequency of
detection or comparison to background, are designated "contaminants of interest" (COIs). Those that
have been screened-in considering toxicity, e.g., by comparison to some type of screening value, are
designated "contaminants of potential concern" (COPCs) for humans, or "contaminants of potential
ecological concern" (CPECs) for ecological receptors. If no toxicity screening is applied, any inorganic

chemical detected at concentrations above background and with sufficient frequency (> 5 percent) is

classified as a COPC or CPEC. Following risk assessment, those contaminants that pose unacceptable
risks will be designated as "contaminants of concern" (COCs).

Details of the COI identification process used in the initial evaluation are described in PHSMP,
Section 4.5 and Appendix G, Section 2.2. A list of COIs for the AOC is shown in Table 1, based on
elevations above baseline for trace elements or detection in sediments for organic compounds. COIs
were also identified based on their presence in AOC sediments and tissues, and potential for
bioaccumulation. Bioaccumulative elements are limited to those that have organic forms that may be
taken up, concentrated, and passed up the aquatic food chain and include arsenic, mercury, and
butyltins. A "default" list of bioaccumulative COIs for the AOC is shown in Table 2. These lists were
compiled for planning purposes only. Further analysis and mapping of contaminant data were performed
during the work plan development; the results appear in Appendix A, Section 9.1. Additional mapping of
existing data will be performed early in the Rl to further focus investigations.
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Table 1. Identification of Contaminants of Interest in the AOC

Analyte

Metals
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc
Butyltins
Tetrabutyltm
Tnbutyltin
Dibutyltin
Monobutyltin
PAHs

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
lndeno(1 ,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene
Other Semivolatile Organics
Dibenzofuran
2-Methylnapthalene
Carbazole
1 ,2-Dichlorobenzene
1 ,4-Dichlorobenzene
Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane
Benzoic acid
Benzyl alcohol
Phenol
4-Methylphenol

Frequency of Detection

291/475
369/420
472/472

475/475
419/420
380/420
411/411
344/411

475/475
; '

11/86

116/135
16/86
16/86

"298/452
169/452

296/452
298/452
418/452
316/452
427/452

426/452
400/452

415/452
398/448
370/430
399/448

351/448
214/448
383/448

132/303
182/352
109/255

2/203
1/203

2/253
2/258
4/198
18/198
2/198
17/327
160/315

% Detection

-. :

61
88
100
100

100

90
100
84

100
' ( ' , . ' ' ;

13
86
19
19

. _..__„ *, _

37

65
66
92

70
94
94

88
92
89
86
89
78
48

85

1 ' " ,''*' *"' '

44
52
43
1

<1
<1
<1
2
9
1

5
51

COI?

: • !

Y
Y

Y
Y
Y

Y

N
N
Y

i ' , ' • ,

(Y)
Y

(Y)
(Y)

"' '.i' Vi . '" '•'.'
Y

Y
Y
Y
Y

Y
Y
Y
Y

Y
Y
Y

Y
Y
Y

Y

"' '• ' "':''> .' •'"
Y
Y
Y
N
N
N
N
N

(Y)
N
N
Y
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Table 1. Identification of Contaminants of Interest in the AOC

Analyte

2-Chlorophenol
2,4-Dichlorophenol
2,4,5-Tnchlorophenol
2,3,4,6-Tetrachlorophenol
Pentachlorophenol
Bis(2-ethylhexyl)phthalate
Butylbenzyl phthalate
Dimethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate
Pesticides/Herbicides/PCBs
4,4'-DDD

4,4'-DDE

4,4'-DDT

2,4-D

2,4-DB
Endosulfan I
Endosulfan II
Endosulfan sulfate
Gamma-Chlordane
Beta-BHC
Gamma-BHC (Lindane)
Aldrin
Dieldrin
Endrin
Endrin aldehyde
Heptachlor
Methoxychlor
Aroclor1242
Aroclor1248
ArocloM 254

Aroclor1260
PCDDs/PCDFs
TECs, undifferentiated by congener

Frequency of Detection

1/301
1/356
1/66
1/66

24/364

212/301
96/301
23/301
88/301

61/301

96/176

76/175
89/176

4/7

4/7

2/152
3/152
4/152
6/152
2/152
4/152
10/152
8/152
2/152
9/152
1/152
4/152
7/271
1/271

109/272
105/271

14/14

% Detection
<1
<1
2
2
7

70
32
8

29

20

55

43
51

57
57
1

2
3
4
1

3
6

5
1

6
<1

3
3
<1

40
39

100

COI?

N
N
N
N

(Y)
Y
Y

(Y)
Y

Y

Y

Y

Y

(Y)

(Y)
N
N
N
N
N

N

(Y)
(Y)
N

(Y)
N
N
N

N
Y
Y

(Y)

(Y) = Chemicals detected 5-20% of the time, and chemicals detected more often but analyzed at only one or two sites, may be COIs
at certain sites or limited locations within the AOC
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Table 2. Contaminants of Interest With Respect to Bioaccumulation Potential

Contaminant

Arsenic

Mercury

Butyltins

Pentachlorophenol

Bis(2-ethylhexyl) phthalate

Butylbenzyl phthalate

Di-n-butyl phthalate

Di-n-octyl phthalate

DOT

ODD

DDE

Aldrin

Dieldrin

Aroclor 1254

Aroclor 1260

PCDDs/PCDFs

Detection Frequency

0/17

21/21

0/0

0/12

0/0

0/0

0/0

0/0

3/17

6/17

13/17

0/17

0/17

1/17

10/17

18/18

Detection Percentage

0

100

NA

0

NA

NA

NA

NA

18

35

76

0

0

6

59

100

COI?

N

Y

(Y)

N

(Y)

?

?

?

Y

Y

Y

N

N

Y

Y

Y

2.3. Potential Receptors

An initial identification of potential human and ecological receptors was made in the PHSMP (see
Section 4.6 and Appendix G, 2.3). Some of this information has been corrected, updated, and expanded.
This revised information is provided in the work plan Appendix B, Section 9.2. At present, the benthic
invertebrate community; some demersal fish species; and some piscivorous fish species, birds, and
mammals have been identified as potential receptors. All threatened and endangered anadromous fish
species have also been identified as potential receptors. Wading birds and mammals that feed on benthic
invertebrates and may be exposed directly to sediments may be potential receptors when dealing with
shallow water sediments. Recreational and subsistence anglers, beach users, swimmers, and boaters,

both adults and children, are among potential human receptors. Dockyard workers and maintenance
personnel, work boat and marine equipment operators, and divers may also have some limited potential
for contact with sediments in the AOC. Significant data gaps exist about human and ecological receptors
in the lower Willamette River, requiring characterization surveys in the Rl.
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2.4. Potential Exposure Pathways
Transport and fate processes move land-based contamination and contaminated sediments within

source areas to other areas within the AOC, as shown in Figure 2. The following processes are important
to consider at this stage: (1) surface erosion and bulk transport of contaminants present in surface soils;
(2) seep discharge of non-aqueous phase liquids (NAPL) that could enter the aquatic environment by
migrating along geological features or in ground water; (3) contaminated groundwater from a site that
could discharge to an adjacent water body; (4) resuspension of contaminated sediments at or below the
sediment-water interface; (5) storm drain, combined sewer outfalls, and permitted discharges; and (6)
bioturbation.

A review of existing information on hydrodynamic conditions, sediment sources and transport, and
contaminant sources and transport is provided in the PHSMP, Appendix G, Sections 2.4.1 and 2.4.2.
Substantial data gaps exist in the understanding of these processes in the lower Willamette River and in
the AOC in particular. Both sediment trend analysis (STA®) (Section 4.1.8) and hydrodynamic modeling
(Section 4.4.2) are proposed to provide additional information to address these gaps.

Human exposure routes (Figure 3; PHSMP, Appendix G, Section 2.4.3) for sediment sites typically
focus on consumption of contaminated fish and shellfish. Other important pathways include dermal
exposure, incidental ingestion during recreational use, and exposure to contaminated sediments. These
factors are of particular concern during clam-digging or other similar activities, when fishing nets are
dragged the bottom and bring up sediment into the fishing boats, and while wading in beach areas.

Wildlife exposure routes (Figure 3; PHSMP, Appendix G, Section 2.4.3) include ingestion of food and
water and incidental sediment ingestion. Sediment ingestion rates associated with prey items have been
calculated for a number of terrestrial species and can be a major route of exposure.
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Figure 2. Exposure Pathway Model for the AOC
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Figure 3. Human & Wildlife Food Web Model for the AOC
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2.5. Conceptual Site Models (By Objective)

Information on known and suspected contaminant sources, types of contaminants and affected
media, known and potential routes of migration, and known or potential human and ecological receptors,
was used to develop preliminary conceptual site models for the AOC. The purpose is to evaluate
potential risks to human health and the environment. In addition to identifying sampling locations, the
models also help identify potential remedial alternatives. Each objective has one or more conceptual
models associated with it, and each model has four components: (1) one or more assessment endpoints,
(2) one or more testable problem statements, (3) one or more measures of exposure and effect, and (4) a
framework for evaluation of risk.

Assessment endpoints specify the environmental value to be protected (EPA 1997). Assessment
endpoints are defined in terms, of a receptor (species, community, and other levels of organization) and
one or more of its characteristics or functions (e.g., survival, maintenance, reproduction). Not all
assessment endpoints are risk-based; some consider whether beneficial uses may be impaired (e.g.,
impacts on aesthetics, fisheries, navigation). Testable problem statements describe predicted
relationships among contaminants, exposure, and assessment endpoint response. These statements are
not necessarily equivalent to statistical testing of null and alternative hypotheses. However, predictions
generated from testable problem statements can be tested in a variety of ways, including standard
statistical approaches.

There are three categories of measures: (1) exposure, (2) effect, and (3) characteristics. For this work
plan, field sampling efforts will be directed primarily at obtaining data on chemical concentrations in sediment
and tissue samples and characterizing ecological and human exposure within the AOC (measures of
exposure). Measures of effect data will come either from the literature, such as cancer slope factors and
reference doses, or via bioassay testing. Measures of characteristics will be obtained from ecological and
human use characterization surveys and sediment fate and transport analyses.

This work plan uses a combination of effects-based testing and comparisons to applicable guidelines
(reference doses, cancer potency factors, target tissue levels, tissue screening concentrations, sediment
quality guidelines, biomarkers) to evaluate whether each testable problem statement in each conceptual
model of each objective is either true or false. Either toxicity testing (a suite of bioassay tests) and/or
sediment quality guidelines (SQGs, which are developed with toxicity testing) will be used to evaluate
Objective 1. Standard EPA risk characterization protocols (RAGS Part A guidance) will be used to assess
risks posed by human non-consumption exposures (Objective 4A, 4B). Target tissue levels (TTLs), which
are tissue concentrations calculated from acceptable risk levels and exposure assumptions, will be used
to assess risk to humans through consumption of contaminated fish (Objective 4C.4D). Adverse effects to
fish themselves (Objective 2) will be assessed using tissue screening concentrations (TSCs) and
biomarker-based protective levels. Risks to higher trophic-level birds and mammals consuming
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contaminated fish (Objective 3) will also be assessed using TTLs calculated from toxicity reference values
based on no-observed-adverse-effect-level (NOAEL) or lowest-observed-adverse-effect-level (LOAEL)

1

1

1

endpoints. The decision process is summarized in flowcharts in Section 5.0 (Risk Assessment).

2.5.1. Objective 1: Benthic Community

A healthy benthic community is a protected beneficial use. Contaminated sediment impairs beneficial
uses in the AOC by directly affecting the benthic invertebrate community and by related restrictions on
dredging and water-dependent industries. The conceptual models developed for this objective are listed
in Table 3. To maintain continuity with data obtained from previous studies and to expedite SQG

1 development in the short term, decisions (see Table 4) will be based on the results of. 10-day H. azteca
survival, 10-day C. tentans survival and growth, and Microtox tests. As soon as practicable, the 10-day H.

1

1

I

1

I

1

1

1

1

1

1

1

1

azteca survival test will be replaced with the 28-day H. azteca survival and growth test. Benthic
community analyses are included as an option, as part of a sediment quality triad approach, provided that
AOC studies identify viable benthic metrics for use in the Willamette River. In these cases, decisions will
be based on the results of all tests conducted (see Table 5).

Table 3. Conceptual Models for Objective 1

(a) Benthic Invertebrate Communities
Assessment Endpoint
Testable Problem
Statement

Measures of Exposure
Measures of Effect

Survival, growth, and reproduction of benthic invertebrates
Contaminant concentrations in bulk sediment or pore water do not exceed contaminant-specific
SQGs
or
Sediment chemistry and bioassay tests show no adverse effects in test organisms exposed to bulk
sediment [Table 4, outcomes A,C]
or
{Sediment Quality Triad option} Sediment chemistry and bioassay tests show no adverse effects in
test organisms exposed to bulk sediment and there are no significant differences in community
metrics [Table 5, outcomes A, B, E]
Contaminant concentrations in pore water and sediment
SQGs, Bioassay Tests, Community metrics
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Table 4. Interpretation of Chemistry and Bioassay Results

Toxicity

-

+

-

+

Sediment Chemistry

-

—

+

+

[Outcome] Possible Interpretation

[A] Contaminants are not present in sediment and are not toxic to benthic organisms.
No further assessment needed.
[B] Toxicity to benthic organisms due to contaminants without SQGs or unrecognized
contaminants. Potential for adverse effects to benthic communities. Additional
evaluation may be needed to address uncertainty; remedy selection required.

[C] Contaminants in sediment are not toxic to benthic organisms. If bioaccumulation is
not a factor, no further assessment needed.
[D] Contaminants in sediment are bioavailable and toxic to benthic organisms.
Potential for adverse effects to benthic communities.

To assess toxicity, tests 1 , 2, and 3 must be run.

1. Mortality, growth, and reproduction of test organisms in the H. azteca 28-day survival test.
2. Survival and growth of test organisms in the C tentans 10-day survival test.
3. Percent luminescence in the pore water Microtox test.

Bioassay endpomts should be interpreted in accordance with the guidelines presented in Section 5.2.

For sediment chemistry, "+" indicates presence of a contaminant above SQGs, given a detection limit < SQG.

Table 5. Interpretation of Sediment Quality Triad Results

Toxicity

-

+

+

-

+

+

+

Benthic
Community

-

-

+

+

-

+

+

+

Sediment
Chemistry

-

-

-

+

•

+

+

+

[Outcome] Possible Interpretation

[A] Contaminants not present in sediment, no toxicity to test species, and
no alteration of benthic community. No further assessment needed.
[B] Toxicity to test species due to test factors unrelated to contamination.
No further assessment needed.
Same as [B] or [F].

[D] Alteration of benthic community by unrecognized contaminants or
confounding factors (habitat features, disturbance) unrelated to
contaminants. Potential for adverse effects to benthic communities.
Additional evaluation may be needed to address uncertainty; management
decision required.
[E] Contaminants in sediment not toxic to test species and no evident
alterations in benthic community. No further assessment.

[F] Toxicity to test species and alteration of benthic community by
contaminants without SQGs, unmeasured contaminants, or a mixture effect
or non-chemical factors. Potential for adverse effects to benthic
communities. Additional evaluation may be needed to address uncertainty;
management decision required.
[G] Contaminants in sediment are toxic to test species, but adverse effects
to benthic community are not discernable. Test conditions may not
represent field conditions. Additional evaluation needed to address
uncertainty; management decision required.

[H] Contaminants in sediment not toxic to test species but alterations in
benthic community are evident. Test species may not be sensitive or non-
chemical factors may be affecting benthos. Additional evaluation needed to
address uncertainty; management decision required.
[I] Contaminants in sediment are toxic to test species and alterations in
benthic community are evident. Management decision required.

"For toxicity and sediment chemistry, "+" defined as in Table 4.
** For benthic community analysis, "+" means significant differences in selected ecological metrics between site and reference

samples.
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2.5.2. Objective 2: Fish & Shellfish

Recent studies have identified 39 species of nonmigratory (resident) fish in the lower Willamette River
upstream to Willamette Falls. The lower river also provides a significant migratory corridor, nursery
habitat, and adult forage area for various salmonids. Bivalves and crayfish are also present in the
Willamette River. Contaminated sediment could impair beneficial uses for fish and shellfish species by
reducing their food sources such as phytoplankton, zooplankton, and benthic invertebrate populations;
degrading their habitat; and producing adverse health effects such as increased mortality, impaired or
reduced reproduction or growth, abnormal development, or tumors or other deformities. The conceptual
models developed for this objective are listed in Table 6.

Table 6. Conceptual Models for Objective 2

(a) Endemic Fish Populations
Assessment Endpoint
Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival, growth, and reproduction of populations of endemic fish species
Contaminant levels in tissues of fish exposed to sediment samples taken
exceed TSCs for populations (per OAR 340-122-1 15(6)).

from the AOC do not

Contaminant concentrations in fish tissues
Tissue Screening Concentrations (TSCs)

(b) Threatened & Endangered Fish Species

Assessment Endpoint
Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival and reproductive success of individual fish (special status species)
Contaminant levels in tissues of fish exposed to sediment samples taken
exceed TSCs for individuals (per OAR 340-122-1 1 5(5)).

from the AOC do not

Contaminant concentrations in fish tissues
TSCs

(c) Metabolized Contaminants (PAHs) - Resident Fish Species
v Assessment Endpoint
Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival, growth, and reproduction of populations of endemic fish species
Concentrations of PAHs in AOC sediments do not exceed biomarker-based levels deemed protective
for an acceptable surrogate species (i.e., English Sole).
Contaminant concentrations in sediment
Biomarker-based acceptable sediment concentrations

(d) Metabolized Contaminants (PAHs) - Salmonids
Assessment Endpoint
Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival, growth, and reproduction of populations of salmonid fish species

Concentrations of PAHs in AOC sediments do not exceed biomarker-based levels deemed protective
on the basis of dose / response studies performed with salmonids
Contaminant concentrations in sediment
Biomarker-based acceptable sediment concentrations

The PHSMP proposed tissue screening concentrations (TSCs) as one method for evaluating threats
to fish, both salmonids and other species, from contaminant build-up in their own tissues. A TSC is the
concentration of a given contaminant in fish tissue below which adverse effects (disease, reproductive
organ pathologies, DMA damage, locomotion dysfunction, etc.) are not expected in a majority of fish
species. This method is becoming increasingly practical as tissue residue effects data become more
readily available. It cannot be used, however, to evaluate risks or injury posed to fish by exposure to
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contaminants such as polycyclic aromatic hydrocarbons (PAHs) that exert toxic action through toxic
metabolic intermediates or byproducts because these contaminants may not bioaccumulate in tissues.

Both the National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS)
have suggested use of biomarkers with respect to metabolized contaminants such as PAHs. Based on a
Technical Exchange Workgroup workshop held January 11 & 12, 2000, the Rl will include use of a limited
suite of biomarkers to assess risks posed to resident species and migratory salmonids by the presence of
PAHs in AOC sediments. For resident species, biomarker-based protective levels developed for English
Sole can be adopted for use in the AOC. Development of such protective levels for salmonids will require
a multi-step process, including the following steps: (1) assess nature and extent of salmonid habitat in the
AOC and lower Willamette; (2) measure PAH concentrations in sediment and salmonid food items
(invertebrates); (3) assess the migration and residence times in the AOC for different age classes of
salmonids; (4) conduct a pilot study of biliary fluorescent aromatic compounds (FAC) levels in salmonids
collected in the AOC and comparison areas; (5) evaluate pilot study results to determine if FAC levels are
actually elevated; (6) if FAC levels are elevated, proceed with laboratory studies to set dose and
response relationships for FAC levels and adverse effect indicators.

2.5.3. Objective 3: Birds and Mammals

Numerous piscivorous birds, migratory waterfowl, and raptors use the lower Willamette River during

various times of the year. Great Blue Heron, Cormorant, Osprey, Merganser, Kingfisher, and Bald Eagle
routinely forage within the AOC area. Both Great Blue Heron and Osprey nest sites are located in the
vicinity; an active Great Blue Heron rookery exists upstream on Ross Island at RM 15. River otter, nutria,
raccoons, and other small mammals may also use the area. As with human receptors, wildlife could be
exposed to contaminated sediment or to food items contaminated by exposure to sediment.
Contaminated sediment could adversely affect a number of beneficial uses for wildlife, including
degrading wildlife populations degrading habitat or initiating wildlife deformities or reproductive problems.

The conceptual models developed for this objective are listed in Table 7. The dominant route of
exposure for piscivorous wildlife is consumption of food items contaminated by exposure to contaminated
sediment. These food web exposures emphasize contaminants that are bioaccumulated in food items.
Although incidental ingestion of sediment while foraging for food may be an important exposure route for
some species such as shorebirds, it is not included in this investigation at this time.
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Table 7. Conceptual Models for Objective 3

(a) Benthic Community Food Source
Assessment Endpomt

Testable Problem
Statement
Measures of Exposure
Measures of Effect

Benthic invertebrate community species is an unadulterated food source for higher trophic-level
species.

Contaminant levels in benthic invertebrates are < a contaminant-specific TTL for wildlife.

Contaminant concentrations in benthic invertebrate and fish tissues
TTLs for birds & mammals (based on LOAEL)

(b) Waterfowl
Assessment Endpoint

Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival and reproduction of waterfowl

Contaminant levels in food item tissues are < a contaminant-specific TTL for wildlife.

Contaminant concentrations in food items
TTLs

(c) Piscivorous Birds
Assessment Endpoint

Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival and reproduction of piscivorous birds

Contaminant levels in food item tissues are < a contaminant-specific TTL for wildlife.

Contaminant concentrations in food items
TTLs

(d) Piscivorous Mammals
Assessment Endpoint

Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival and reproduction of piscivorous mammals.

Contaminant levels in food item tissues are < a contaminant-specific TTL for wildlife.

Contaminant concentrations in food items
TTLs

(e) Threatened & Endangered Bird & Mammal Species
Assessment Endpoint

Testable Problem
Statement
Measures of Exposure
Measures of Effect

Survival and reproduction of threatened & endangered (special status) birds and mammals.

Contaminant levels in food item tissues are < a contaminant-specific TTL for wildlife.

Contaminant concentrations in food items
TTLs (based on NOAEL)

2.5.4. Objective 4: Human Populations

Recreational and subsistence fishing, beach use, swimming, and recreational boating all occur within
and near the AOC. Participating individuals could be exposed to contaminated sediments or to food items
contaminated by exposure to AOC sediments. Dockyard workers and maintenance personnel, work boat
and marine equipment operators, and divers may also have some potential for contact with AOC
sediment. Contaminated AOC sediment could thus adversely affect a number of human-related beneficial
uses, including fish and wildlife harvesting and consumption, and river recreational activities.
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The conceptual models developed for Objective 4 for risks to human health from incidental ingestion

and dermal contact with sediment and risks to human health from fish consumption are summarized in
Table 8. The model assumes exposure scenarios for recreational, subsistence, and Native American
fishing, with the principal exposure route assumed to be consumption of contaminated fish and shellfish.
Human exposure is assumed to occur during beach use, in-water recreation, and occupational activities.

Table 8. Conceptual Models for Objective 4

(a) Non-consumption Carcinogenic Risks
Assessment Endpoint

Testable Problem
Statement

Measures of Exposure
Measures of Effect

Carcinogenic risks from dermal contact and incidental ingestion exposures
Dose received through dermal contact, incidental, and other routes from sediment is less than a dose
equivalent to a 1 x 10"6 risk level for individual carcinogens and 1 x 10"sfor all carcinogens.
Contaminant concentrations in surficial sediment; Dose estimate (see Section 6.4.1)
Slope Factor (SF)

(b) Non-consumption Noncarcinogenic Risks

Assessment Endpoint
Testable Problem
Statement
Measures of Exposure
Measures of Effect

Noncarcinogenic risks from dermal contact and incidental ingestion exposures
Dose of all noncarcinogens received through dermal contact, incidental ingestion, and other
exposure routes from surficial sediment is < a dose equivalent to a hazard index (HI) of 1.
Contaminant concentrations in sediment; Dose estimate
Reference Dose (RfD)

(c) Fish / Shellfish Consumption Carcinogenic Risks
Assessment Endpoint
Testable Problem
Statement
Measures of Exposure
Measures of Effect

Carcinogenic risks for consumption offish and shellfish

Contaminant levels in food item tissues are < a contaminant-specific TTL for humans.

Contaminant concentrations in food items
Target Tissue Levels (TTLs)

(d) Fish / Shellfish Consumption Noncarcinogenic Risks
Assessment Endpoint

Testable Problem
Statement
Measures of Exposure
Measures of Effect

Noncarcinogenic risks for consumption offish and shellfish

Contaminant levels in food item tissues are < a contaminant-specific TTL for humans.

Contaminant concentrations in food items.

TTLs
(e) Non-health Impacts
Assessment Endpoint
Testable Problem
Statement
Measures of Exposure
Measures of Effect

Aesthetic impacts (sheens, sludges, etc.)
Not present

Visual observation
Presence
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3. WORK PLAN RATIONALE
Preparation of the PHSMP, scoping for the work plan, and formulation of the conceptual site models

(Section 2.5 above) identified various data gaps and data needs that must be addressed in order to
prepare risk assessments for each objective. This work plan rationale shows how Rl activities have been
selected, organized, and phased to fulfill these specific data requirements.

3.1. Identification of Data Requirements (By Objective)

3.1.1. Objective 1: Benthic Community

As discussed in Section 2.5.1, evaluation of this objective requires data on the concentration of
contaminants in sediments, comparison of these concentrations to SQGs, and bioassay testing of
sediment. Some sediment chemistry and toxicity data will be used for further SQG development and
refinement (see Section 4.1.6.1). Sediment profile imaging (SPI) and quantitative benthic community
analyses (see Section 4.1.3) will provide data on the extent, composition, and structure of the benthic
community. These survey data may be used in the context of a sediment quality triad methodology to
provide an alternative approach to evaluating this objective.

3.1.1.1. Sediment Chemistry

Sediment chemistry samples will be collected from comparison, reference, and all AOC strata (except
beach) to determine the nature and extent of contamination that may be adversely affecting benthic
communities. In addition, limited supplemental sediment chemistry samples will be collected for SQG
development from areas with specific concentration ranges. Sampling depth will be limited to the
biologically active zone (approximately 0 to 10 centimeters, or as determined using sediment profile
imaging).

Target analytes for sediment chemistry analyses will generally include all COIs identified in the
PHSMP (see also work plan Appendix A, Section 9.1), except that PCB congener, dioxin/furan, porewater
butyltin and conventional analyses will be conducted at a subset of sampling locations. Details on the
number and specific locations of samples, as well as analytical parameters, are presented in Section
4.2.2.

3.1.1.2. Sediment Toxicity

Toxicity (bioassay) testing of sediment samples will be used to determine whether sediments are
adversely affecting benthic communities and, if so, at what concentrations. For this objective, both
chemistry and toxicity samples will be spatially and temporally co-located. Thus, samples for toxicity
testing will be collected from comparison, reference, and all AOC strata (except beach). A limited number
of supplemental sediment toxicity samples for SQG development will likely be needed from areas with
specific concentration ranges. All sediment toxicity samples will undergo the minimum set of bioassays
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listed in Section 4.2.3.

3.1.1.3. Benthic Community Characterization

Characterization of the nature and extent of the benthic community will occur in two phases. First, SPI

will be used in comparison areas, reference areas, and all AOC strata (except beach) to quickly
characterize physical and biological conditions. Based on the SPI interpretation, samples will be collected
at selected locations to allow a quantitative analysis of benthic community structure.

3.1.1.3.1. Sediment Profile Imaging (SPI)

This method will be employed in all proposed sediment chemistry sampling areas to characterize
sediment grain size, identify physically disturbed areas, make an initial evaluation of benthic infauna
characteristics, and refine exact chemistry, toxicity sample, and benthic community sample locations. Use
of SPI may not be possible at all locations due to physical conditions; for example, it may not be possible
to place the SPI unit on an extremely steep slope or in locations with large cobble or gravel.

3.1.1.3.2. Quantitative Benthic Community Analyses

Benthic community sampling will occur only at selected locations, based on SPI data. The purpose is,
if possible, to (1) establish a viable set of benthic community metrics, (2) identify benthic communities
characteristic of various habitat types, and (3) assess variability in benthic community structure. Use of
benthic community analyses as part of a sediment quality triad approach will depend on the outcome of
these investigations. A more detailed discussion of the issues surrounding the use and interpretation of
these metrics may be found in the PHSMP, Section 5.3.

3.1.2. Objective 2: Fish & Shellfish

As discussed in Section 2.5.2, evaluating risks to fish has two components. The first requires data on
contaminant concentrations in fish and shellfish tissues, and compared with tissue screening
concentrations (TSCs; see Section 4.1.6.2.3). Ecological characterization surveys (see Section 4.1.4) will
provide qualitative information on habitat quality and other factors affecting potential AOC fish exposures.
The second component requires adopting or developing biomarker-based levels to limit risks to fish from
metabolized contaminants, specifically PAHs.

3.1.2.1. Sediment Chemistry

Information on sediment chemistry will help identify sources of contaminants identified in fish tissue. It
will also be necessary to measure the levels and extent of PAHs in sediments.

3.1.2.2. Fish Tissue

Fish tissue samples will be collected from comparison and reference areas and all AOC strata
(except beach) to determine the nature and extent of bioaccumulative contaminants in fish and shellfish
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the Willamette River. Target species for sampling and tissue analysis
are summarized in Table 9.

1

1

1

1

1

1

1

Table 9. Target Fish Species for Tissue Analysis

Species
White Sturgeon

Common Carp

Smallmouth Bass
Black Crappie

Pacific Lamprey

Northern Pike Minnow
Largescale Sucker
Peamouth
Sculpin
Crayfish

Clam

Risk Criteria
HH

HH

HH

HH

HH

HHE

HHE

HHE

HHE

E

E

Priority
P

P

S
S

P

P
P
S
S
P

P

Rationale for Selection
Greatest potential for bioaccumulation, sport and commercial fishery, and
feeds on benthic community.
Abundant, bottom dwelling species dispersed throughout the AOC.
Component of subsistence fishery.

Preferred habitat for this species is abundant throughout the AOC.
Supports a sport fishery.
Native American fishery, serves as a prey species, and early life stage
spent in sediments.
Abundant, predatory species dispersed throughout the AOC.
Abundant, bottom-dweller species dispersed throughout the AOC.

Abundant species dispersed throughout the AOC. Potentially serves as
prey species for omnivorous mammals.
Species abundant throughout the AOC. Serves as potential prey species
for omnivorous mammals and birds.

P-Primary Target Species

1
S-Secondary Target Species
HH-Human Health Risk Assessment
E-Ecological Risk Assessment

1

1

HHE- Human Health and Ecological Risk Assessment

Target analytes for fish and shellfish tissue analyses will generally include all COPCs selected in the
PHSMP (see also work plan Appendix A, Section 9.1). Because PCBs and dioxins/furans are chemicals

•

that bioaccumulate in fish, analyses for these chemicals (including PCB congeners) will be performed in
all fish samples. Note that extremely sensitive analytical methods will be required to detect concentrations
of some chemicals at or near the TSCs.

• presented in Section 4.2.4.

1

1

1

1

1

Details of sampling locations and analytical parameters are

3.1.2.3. Fish & Shellfish Surveys

A fish and shellfish characterization survey will be performed to identify the types of fish present in the
AOC and comparison areas and
Details on the survey methodology

evaluate the movement of fish populations in and through the AOC.
are presented in Section 4.1.4.1.

3.1.3. Objective 3: Birds & Mammals

As discussed in Section 2.5.3, evaluating consumption risks to piscivorous birds and mammals
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requires collecting data on the concentration of contaminants in fish and shellfish tissues. These tissue
concentrations will be compared to wildlife TTLs (see Section 4.1.6.2.1) to assess risks to birds and
mammals from consumption of these food items. Bird and mammal characterization surveys (see Section
4.1.4.2) will provide qualitative information on the types of habitats and exposures that might occur in the
AOC.

3.1.3.1. Sediment Chemistry

To support the generation of biota-sediment accumulation functions (BSAFs), data on sediment
chemistry will be collected across the home ranges of fish and shellfish collected for tissue analyses. This
information will also help identify sources of exposure (water versus sediment) in different sediment
areas.

Target analytes for sediment chemistry analyses will generally include all COIs identified in the
PHSMP (see also work plan Appendix A, Section 9.1), except that PCB congener, dioxin/furan, porewater
butyltin, and conventional analyses will be conducted at a subset of sampling locations. Details on the
number and specific locations of samples, as well as analytical parameters, are presented in Section
4.2.2.

3.1.3.2. Fish and Shellfish Tissue

Fish and shellfish tissue samples are needed from comparison and AOC areas to determine the
nature and extent of bioaccumulative contaminants in potential bird and mammal food items within the
AOC. These tissue samples are also needed to compare these areas to areas outside the AOC.

Because different receptors may eat different fish, a number of species will be sampled to
characterize potential AOC contamination, and multiple replicates per species will be analyzed in order to
characterize concentration variability. Specific species of fish and shellfish and the rationale for their
selection are presented in Section 4.2.4.

Target analytes for fish and shellfish tissue analyses will generally include all COPCs selected in the
PHSMP (see also work plan Appendix A, Section 9.1). Because PCBs and dioxins/furans are chemicals
that bioaccumulate in fish, analyses for these chemicals (including PCB congeners) will be performed in
all fish samples. Note that extremely sensitive analytical methods will be required to detect concentrations
of some chemicals at or near the TTLs. Details of sampling locations and analytical parameters are
presented in Section 4.2.4.

3.1.3.3. Bird and Mammal Surveys

A wildlife characterization survey will be conducted to identify the wildlife present in the AOC and the
habitat used, verify the assessment endpoints evaluated in the ecological risk assessment, and (if
necessary) refine the exposure scenarios used to develop TTLs for wildlife protection.

DRAFT PORTLAND HARBOR RI/FS WORK PUAN PAGE 33
MARCH 31.2OOO



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

DRAFT

3.1.4. Objective 4: Human Populations

As discussed in Section 2.5.4, evaluating non-consumption risks to humans requires data on the
contaminant concentration in surficial sediment in AOC beach and shelf strata. Evaluating consumption
risks to humans requires data on contaminant concentration in fish and shellfish tissues. These tissue
concentrations will be compared to human TTLs (see Section 4.1.6.2.1) to assess human risks from food
consumption. Human use characterization surveys (see Section 4.1.5) will provide qualitative information
on potential fish-related exposures in the AOC.

3.1.4.1. Sediment Chemistry

Bulk surficial sediment samples from AOC beach and shallow (< 6 feet) shelf strata will be collected
to determine the nature and extent of contamination that may adversely affect human users through
dermal contact and incidental ingestion. These sediment concentrations will be used as an exposure
input to the human health risk assessment (see Section 5.4). To support the generation of AOC-wide
BSAFs, data on sediment chemistry will be collected across the home ranges of fish and shellfish used
for tissue analyses. This information will also help identify sources of exposure (water versus sediment;
different sediment areas).

Target analytes for sediment chemistry analyses will generally include all COIs identified in the
PHSMP (see also work plan Appendix A), except that PCB congener, dioxin/furan, butyltin porewater and
conventional analyses will be conducted at a subset of sampling locations. Details on the number and
specific locations of samples, as well as analytical parameters, are presented in Section 4.2.2.

3.1.4.2. Fish and Shellfish Tissue

Fish and shellfish tissue samples are needed from comparison and AOC areas to determine the
nature and extent of bioaccumulative contaminants in potential human food items in the AOC. These
tissue samples are also needed to compare these areas to areas outside the AOC. Different fish may be
exposed to contamination differently, so a number of species will be sampled to characterize the potential
contamination in the AOC, and multiple replicates per species will be analyzed to characterize variability
in exposure concentrations. Because fish preparation and consumption practices vary, both fillet and
remainder portions of fish will be analyzed. Specific species of fish and shellfish and the rationale for the
selection of each are presented in Section 4.2.4.

Target analytes for fish and shellfish tissue analyses will generally include all COPCs selected in the
PHSMP (see also work plan Appendix A, Section 9.1). Because PCBs and dioxins/furans bioaccumulate
in fish, analyses for these chemicals (including PCB congeners) will be performed in all fish samples.
Note that extremely sensitive analytical methods will be required to detect concentrations of some
chemicals at or near the TTLs. Details of sampling locations and analytical parameters are presented in
Section 4.2.4.
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3.1.4.3. Human Use Surveys

The purpose of the human use characterization surveys is to verify how people may be exposed to
contaminated sediments in the AOC and refine fish and shellfish sampling methods. Human use surveys
will focus on verifying the types of fish and shellfish caught in the AOC, the areas, times, and methods of
collection, and methods of preparation. Survey details are presented in Section 4.1.5.

3.1.5. Salmonid-Specific Investigations

As noted in Section 2.5.2, assessing risks to salmonids from exposure to metabolized contaminants
(specifically PAHs) will require a focused investigation. The details are presented in Section 4.4.1.

DEQ is proposing to use biomarkers to assess risk to migratory salmonids because of the presence
of PAHs in AOC sediments. This will require the development of biomarker-based acceptable sediment
concentrations for salmonids. Development of such levels for salmonids will require the following two
phases:

Phase 1:

• Assess the nature and extent of salmonid habitats in the AOC and lower Willamette River

• Assess migration and residence times in the AOC for different age classes of salmonids

• Measure PAH levels in stomach and gut contents

• Conduct a pilot study of biomarker levels in salmonids collected in the AOC and comparison areas

• Conduct bioenergetic modeling

Phase 2:

• Evaluate performance and scope of work contingent on the results obtained in Phase 1

• Measure PAH levels in sediment and salmonid food items

• Proceed with laboratory studies to set dose and response relationships for exposure concentrations,
biomarker levels, and adverse effect indicators

• Establish biomarker-based protective levels

3.1.6. Sediment Transport and Fate Analysis

Sediment fate and transport processes in the lower Willamette River will be studied to determine how
contaminants are transported into, within, and from the AOC. Potential remedies and long-term
effectiveness will be evaluated by:
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• Reviewing existing bathymetric, hydrodynamic, and dredge-history data

• Collecting additional grain size data in order to perform a sediment trend analysis

• Collecting additional hydrodynamic data

• Developing a hydrodynamic model for the Willamette River

• Incorporating the chemical properties and fate of environmental contaminants into the hydrodynamic
model to generate an understanding of contaminant transport

STA (Section 4.1.8) uses relative changes in complete grain size distributions of existing sediments to
derive sediment transport patterns. The derived transport patterns integrate processes responsible for
erosion, transport, and deposition of sediments over the time period required to form the deposits. STA
requires surface sediment samples over a uniform grid spacing (about 200 meters) and analysis of the
surface sediment samples for their complete grain size distribution. Sample analysis involves both dry
sieving and laser diffraction to develop a complete distribution of grain sizes. Collection of surface
sediment samples for STA will be conducted along with SPI.

STA is unable to establish rates of transport or deposition or predict transport under future flow
conditions. Thus, hydrodynamic, sediment, and contaminant models at AOC scale will be developed to
predict water, sediment, and associated contaminant fate and transport under different flow regimes.
Details of the data needs for these models are provided in Section 4.4.2.

3.1.7. Summary of Data Requirements

Table 10 summarizes the relationships between identified 'data gaps and needs identified in the
PHSMP or during work plan scoping, investigation(s) proposed in this work plan to address this need, and
how resulting data will be used.

Table 10. Summary of Data Needs, Collection, and Uses

Data gap identified in the PHSMP
and/or during PHRIWP Scoping

Nature and spatial extent of sediment
contamination.

Investigation(s) proposed to address
________data gap________
Phase 1 - Existing Sediment Chemistry
Data Analysis & Mapping
This will involve a review of existing
sediment chemistry and bioassay data
and presentation of those data in the form
of contour maps.
Phase 2 - New Sediment Chemistry
and Bioassay Data
Sediment sampling and bioassay testing
will be conducted in the AOC and at
candidate reference and comparison
areas. The exact location of such
sampling will be determined by
investigations conducted in Phase 1.

How resulting data will be used

To focus the sampling design proposed
for Phase 2.
To revise the list of contaminants of
interest.

To evaluate candidate reference areas.
To determine the nature and extent of
sediment contamination and sediment
toxicity.
To evaluate risks posed to the benthic
community (Objective 1).
To evaluate non-consumption risks
posed to humans (Objective 4)
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Data gap identified in the PHSMP
and/or during PHR1WP Scoping

Investigation(s) proposed to address
________data gap________

How resulting data will be used

Phase 3 -Additional New Sediment
Chemistry and Bioassay Data
Additional sediment sampling and
bioassay testing may be conducted in the
AOC and at candidate reference and
comparison areas.

To identify sources of contamination.
To reduce uncertainty in risk estimates.

Nature and spatial extent of sediment-
related bioaccumulative contaminants.

Phase 2 - Fish Tissue Sampling
Fish and shellfish sampling will be
conducted in the AOC and upstream and
downstream comparison areas. Exact
sampling locations will be determined by
Phase 1 investigations.

To evaluate consumption risks posed to
wildlife (Objective 3) and humans
(Objective 4).

Phase 2 - Development of AOC BSAF
BSAFs for bioaccumulative contaminants
using sediment and fish tissue data.

Nature and extent of the benthic
community.
Nature and extent of sediment gram size
characteristics.

Phase 1 - Sediment Profile Imaging
(SPI)
Field sampling and photographic analysis
of all proposed AOC, comparison, and
candidate reference areas.

To evaluate risks posed to the benthic
community (Objective 1).

Phase 2 • Quantitative Benthic
Community Analysis
Analysis of the structure of the benthic
community in AOC, comparison, and
candidate reference areas. The need for
such analyses will be determined by the
Phase 1 SPI investigations.

To gain a more complete understanding
of what constitutes an unimpacted
benthos in the lower Willamette River.

Nature and extent offish, bird, and
mammal populations and habitats
Presence / absence of specific
assessment endpoint species.
Presence of unsuspected sensitive
species.

Phase 1 - Ecological Surveys
Field surveys of fish and wildlife
populations and habitats within the AOC
and comparison areas.

To refine the design of the fish and
shellfish sampling tasks proposed for
Phase 2.
To verify protectiveness of TSCs for fish
andTTLs for wildlife.
To evaluate risks posed to fish (Objective
2) and wildlife (Objective 3).

Fishing locations, types offish consumed,
types of fishing gear used, cultural
practices affecting exposure.

Phase 1 - Human Use Survey
Survey of human fishing practices within
the AOC.

To evaluate risks posed to human
receptors (Objective 4)

Guidelines for consistent evaluation of
human health and ecological risks.
Lack of complete data sets need for SQG
development.
Suitable reference areas for bioassay test
interpretation.

Phase 1 - Supplemental sediment
sampling & bioassay testing
Supplemental sediment sampling and
bioassay testing conducted at selected
locations with specific combinations of
concentrations and contaminants.

To provide data necessary to complete
development of SQGs.

Phase 1 - Development of TTLs and
TSCs
TSCs calculated to be protective for fish.;
TTLs calculated to be protective for
humans.; TTLs calculated to be protective
for birds and mammals.

Early identification of TTLs and TSCs is
necessary to ensure adequacy of
proposed analytical methods.
To evaluate risks posed to fish (Objective
2), wildlife (Objective 3), and humans
(Objective 4).

Phase 1 - Development of SQGs
Final SQGs will be developed based on
the results of the supplemental sediment
chemistry and toxicity data generated in
Phase 1

To evaluate risks posed to the benthic
community (Objective 1).

Phase 2 - Reference Area Selection
Based on results of Phase 2
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Table 10. Summary of Data Needs, Collection, and Uses

Date gap identified in the PHSMP
and/or during PHRIWP Scoping

Threats to salmonids from metabolized
contaminants, specifically PAHs

Movement of water, sediment, and
associated contaminants into, within, and
out of the AOC.

Investigation(s) proposed to address
________data gap________
investigations, select reference areas in
the Columbia and/or Willamette River
Phase 1 - PAH Contamination Survey
Sediment and benthic invertebrate tissue
samples collected in the AOC and at
candidate reference and comparison
areas and tested using HRGS.
Phase 1 - Habitat Survey
Assess nature and extent of salmonid
habitat in the AOC.
Phase 2 - Transit and Residence Time
Study
Determine how long salmonids of various
age classes spend either in or transiting
the AOC.
Phase 2 - PAH-related Biomarker
Levels
PAH exposure biomarker levels measured
in fish collected in the AOC and at
candidate reference and comparison
areas. The need for such analyses will be
determined by the Phase 1 PAH sampling
of sediment and tissues.
Phase 3 - Laboratory Dose/Response
Study
Laboratory dose/response studies to
establish a protective PAH sediment
concentration for salmonids.
Phase 1 - Sediment Trend Analysis
A one-time evaluation of the results of
long-term forces acting on sediments.

Phase 1 - Hydrodynamic Modeling
Assembly of a Level 0 hydrodynamic
model based on existing information.

Phase 2 - Hydrodynamic Modeling
Additional data may be collected and
Level 2-4 hydrodynamic models will be
developed to reflect actual flow
conditions.
Phase 3 - Hydrodynamic Modeling
The Level 2-4 model developed during
Phase 2 may continue to be refined.

How resulting data will be used

To assess the nature and extent of PAH
contamination in sediment and potential
salmonid food items.

To assess how habitat conditions
influence salmonid exposure times.

To assess whether salmonids are
actually experiencing exposure to
sediment-related PAHs.

To determine a biomarker-based
sediment cleanup level for PAHs that is
protective of salmonids.

To make an initial assessment of
sediment transport & fate processes.
To establish the need and scope for
modeling.
To make initial predictions about water
movement over a range of river
conditions.

To make predictions about water,
sediment, and contaminant movement
over a range of river conditions.

3.1.8. Summary of Data Quality Objectives (DQOs)

DQOs were evaluated during work plan development to ensure that data proposed for collection
would be of sufficient quality, appropriate for the intended uses, and useful in meeting the Rl objectives.
DQOs for work to be performed in the AOC are expressed in terms of the following data quality goals:

• Data should be precise, accurate, representative, comparable, and complete (PARCC parameters).
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• Data should have appropriate detection limits adequate to assess attainment of risk-based criteria.

• Data should be generated using appropriate analytical support levels according to their intended use.
The appropriate level of data validation to be performed for the data set must be specified.

General considerations for the determination of target detection limits for sediment and fish chemistry
samples collected for Portland Harbor include the following:

• Sediment samples collected to evaluate human health risks from direct contact should achieve
detection limits that are less than the human-health-risk-based screening levels for each chemical.

• Sediment samples collected for comparison to SQGs should achieve detection limits that are less
than the SQGs for each chemical.

• Fish samples collected for comparison to TTLs for human or wildlife health protection, or for
comparison to TSCs, should achieve detection limits that are less than the lowest of these
comparison values for each chemical.

• Sediment and fish samples used to derive SQGs or BSAFs should achieve sufficiently low detection
limits so that the SQG and BSAF calculations are not disproportionately influenced by high nondetect
results.

3.2. Investigation Phasing
3.2.1. Remedial Investigation

The AOC remedial investigation will be performed in two, or possibly three, phases. This will allow
results of earlier phases to better focus, modify, or even eliminate work anticipated in later phases. The
following sections outline the primary tasks in each of the three phases.

Under the site-specific agreements and orders currently established, work is expected to continue at
the upland sites while work performed for the AOC Rl is underway. Site-specific activities will generally
include an Rl to address the upland portion of the site, an assessment of the extent of contaminant
migration from upland areas to the AOC, an evaluation of the nature and extent of sediment
contamination adjacent to upland areas, and, if necessary, development of a site-specific FS for upland
areas. In addition, the extent to which ongoing contaminant migration due to groundwater discharge,
overland transport, or airborne transport is contributing to observed sediment concentrations will be
determined, as appropriate. Appropriate source control activities will also take place.

3.2.1.1. Phase 1: Field Reconnaissance and Guidelines

DEQ will write detailed work plans for, and implement, the "Development of Sediment & Tissue
Guidelines" (Section 4.1.6) and "Supplemental SQG Development Data Collection" (Section 4.1.7) tasks.
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• The following table summarizes responsibilities for developing detailed work plans and implementing the
various Phase 1 tasks.

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Table 11. Responsibilities for Developing Detailed Work Plans and Implementing Phase 1 Tasks

Task

PHASE I - RECONNAISSANCE

• ARAR Identification

• Data Analysis and Mapping

• Sediment Profile Imaging

• Human Use and Ecological Surveys

• Development OF TTLs and TSCs

• Supplemental Sampling and Bioassay Testing

• SQG Development

• PAH Contamination Survey

• Sediment Trend Analysis

• Hydrodynamic Modeling

PHASE 2 - FOCUSED INVESTIGATIONS

• Sediment Sampling and Bioassay Testing

• Fish Tissue Sampling

• Benthic Community Analysis

• PAH-Related Biomarkers

• Hydrodynamic Modeling

• BSAF Development

• Reference Areas

PHASE 3 - ADDITIONAL INVESTIGATIONS TBD IF
INDICATED

• Source Identification

• Fate and Transport Analysis

• Salmonid-Specific Investigations

Detailed Work Plan
Responsibility

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

DEQ

Responsible Parties

DEQ

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

DEQ

DEQ

Responsible Parties

Responsible Parties

Responsible Parties

Implementation
Responsibility

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

DEQ

Responsible Parties

DEQ

Responsible Parties
Responsible Parties
Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties

Responsible Parties
DEQ

DEQ

Responsible Parties

Responsible Parties

Responsible Parties

The following are descriptions of the above tasks:

Additional Data Analysis and Mapping. This will involve a review of existing sediment chemistry
data and presentation of those data as contour maps. The results will direct reconnaissance activities,
and focus the Phase 2 sampling design. This task may lead to a revision of the list of contaminants of
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interest.

Sediment Profile Imaging. SPI evaluation of all proposed AOC, comparison, and candidate
reference areas will provide an early understanding of these areas and help select final sampling
locations. Consequently, SPI will be conducted early in Phase 1.

Human Use and Ecological Surveys. Field surveys of fish and wildlife populations and habitats
within the AOC and comparison areas, and of human fishing practices within the AOC, will provide
information needed to refine the design of the fish and shellfish sampling tasks in Phase 2.

Development of TTLs and TSCs. Concurrent with field investigation tasks in Phase 1, TTLs and
TSCs will be developed by DEQ. Early identification of TTLs and TSCs will ensure that analytical methods
proposed for field investigations will be adequate to characterize risks and allow interpretation of those
tissue data collected in Phase 2.

Supplemental Sediment Sampling and Bioassay Testing. Supplemental sediment sampling and
bioassay testing will be conducted at selected locations in order to provide data necessary to complete
SQG development.

Development of SQGs. Final SQGs will be developed by DEQ based on the results of the
supplemental sediment chemistry and toxicity data.

PAH Contamination Survey. Sediment and benthic invertebrate tissue samples will be collected in
the AOC and at candidate reference and comparison areas. These samples will be subjected to testing to
assess the nature and extent of PAH contamination in these areas.

Sediment Trend Analysis. Grain size samples will be collected and a sediment trend analysis
performed.

Hydrodynamic Modeling. Existing information will be collected to support hydrodynamic modeling
and a Level 0 hydrodynamic model will be assembled.

3.2.1.2. Phase 2: Focused Investigations

DEQ will write detailed work plans for, as well as implement, the "Biota-Sediment Accumulation
Function Development" (Section 4.2.5) and "Reference Area Selection" (Section 4.2.6) tasks. The
responsible parties will write detailed work plans for, and implement all other tasks in, Phase 2, with DEQ
oversight; these include the following:

Sediment Sampling and Bioassay Testing. Sediment sampling and bioassay testing will be
conducted in the AOC and at candidate reference and comparison areas. Data from reference areas will
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be evaluated to verify reference area suitability. If chemical contamination or high sediment toxicity is
found at reference areas, then additional candidate reference areas will be identified and sampled. The
exact location of such analyses will be determined by the results of the SPI investigations and existing
data analyses conducted in Phase 1.

Fish Tissue Sampling. Fish and shellfish sampling will be conducted in the AOC and in upstream
and downstream comparison areas as described above. The exact location of such analyses will be
determined by the results of the SPI investigations conducted in Phase 1. Note, however, that sediment
chemistry and fish tissue samples must be co-located.

Quantitative Benthic Community Analysis. Quantitative analysis of the structure of the benthic
community may be needed in AOC, comparison, and candidate reference areas to gain a more complete
understanding of what constitutes an unaffected benthos in the lower Willamette River. The need for and
extent of such analyses will be strongly influenced by the results of the SPI investigations conducted in
Phase 1.

Hydrodynamic Modeling. The cost-benefit of continued hydrodynamic modeling will be evaluated
based on the results of the Sediment Trend Analysis and the Level 0 model development. If it is decided
to proceed with modeling, additional data will be collected and Level 2-4 hydrodynamic models will be
developed to reflect actual flow conditions.

Development of AOC BSAF. AOC BSAFs will be developed by DEQ for bioaccumulative
contaminants based on the results of the sediment and fish tissue data generated in this phase.

Reference Areas. Identification of final reference areas in either the Columbia River or Willamette
River or both will be based on the results of the Phase 2 investigations.

3.2.1.3. Phase 3: Additional Investigations

Phase 3 is largely undefined at present but is included to allow for additional work as needed to
identify sources and reduce uncertainties in the risk assessment, etc. It is expected that the determination
of scope and detailed work plans for Phase 3, as well as the implementation, will be developed by the
responsible parties.

Source Identification. Additional sampling and analysis activities may be performed to identify
sources of contamination or additional routes of exposure for human and ecological receptors, estimate
the relative contribution of AOC sources to observed tissue concentrations, and help lower uncertainties
related to food chain exposures.

Sediment Fate and Transport Analysis. The cost-benefit of continued hydrodynamic modeling will
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be evaluated. Depending on the outcome of this evaluation, the Level 2-4 model developed during Phase
2 may continue to be refined, and a contaminant migration model may be developed. Site-specific
contaminant transport and fate models may be developed at the discretion of responsible parties.

Salmonid-Specific Investigations. If elevated levels of PAH exposure biomarkers are found,
laboratory dose and response studies will be undertaken to establish a protective sediment concentration
for PAHs with respect to salmonids.

3.2.2. Risk Assessment

Risk Assessment. The attainment or nonattainment of specific objectives for the AOC will be
evaluated by responsible parties (see Section 5.0) using data and information collected during Phases 1,
2, and 3.

Remedial Investigation Reporting. Results of investigation tasks conducted in Phases 1 and 2,
along with the outcomes of the AOC-wide risk assessment, will be documented by responsible parties in
the remedial investigation report.

Results from the AOC remedial investigation will be used to evaluate whether or not each objective
for the AOC is being met.

3.2.3. Feasibility Study

If objectives are not being attained in the AOC, an AOC-wide feasibility study (FS, see Section 7.0 for
an overview) will be conducted. An FS has three phases: development of remedial alternatives, screening
of these alternatives, and a detailed analysis of the remaining alternatives. As part of the FS, the initially
identified ARARs will be reevaluated and, if necessary, revised.
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4. REMEDIAL INVESTIGATION

4.1. Phase 1: Field Reconnaissance and Guidelines
Responsibility for development of detailed work plans and implementation of most of Phase 1 tasks

will lie with the responsible parties. DEQ, or its contractors, will be responsible for preparing detailed work
plans and implementing Phase 1 tasks related to developments of TTLs, TSCs, and SQGs.

4.1.1. Preliminary Identification of ARARs

While the RI/FS work under this work plan will be performed in accordance with the state
Environmental Cleanup Law (OR Revised Statutes 465-200 et.seq.) under DEQ oversight, the work also
must be CERCLA-equivalent as required by DEQ's deferral agreement with EPA. This section identifies
potential applicable or relevant and appropriate requirements (ARARs), consistent with EPA's regulations
implementing CERCLA (the National Contingency Plan, or NCP).

Under the NCP and EPA guidance, an ARAR may be either applicable or relevant and appropriate.
Applicable requirements are those substantive environmental protection standards, criteria, or limitations
promulgated under federal or state law that specifically address a hazardous substance, remedial action,
location, or other circumstance at a site. Relevant and appropriate requirements are substantive
environmental protection requirements promulgated under federal or state law that, while, not legally
applicable to the circumstances at the site, address situations similar to those encountered. TBCs include
proposed regulations, guidance documents, and advisories that may not meet the statutory definition of
an ARAR, yet still provide information that should be considered in determining the proper cleanup level.

Under the NCP and EPA guidance, there are three types of potential ARARs and TBCs exist: (1)
chemical-specific, (2) location-specific, and (3) action-specific. These are important in determining
whether potential remedies are protective and meet statutory criteria. They also will be used to set
preliminary remediation goals. ARAR identification and evaluation will continue as site conditions,
contaminants, and remedial alternatives are better characterized. ARARs will be reevaluated at the Rl
report preparation stage.

4.1.1.1. Overview of Federal and State Regulatory Programs

The following federal and state statutory and regulatory programs contain standards or guidance that
may be useful in establishing ARARs for Portland Harbor:

Clean Water Act and State Water Pollution Control Laws. The objectives of the federal Clean
Water Act and Oregon's Water Pollution Control Laws (33 United States Code 1251-1376; 40 Code of
Federal Regulations 129 and 131; ORS Chapter 468) are to restore and maintain the chemical, physical,
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and biological integrity of the nation's waters and states' waters, respectively. To achieve these
objectives, ambient surface-water-quality criteria have been set at the federal level (National Toxics Rule,
40 CFR 131). Other water quality standards have been established by ERA and adopted by the State of
Oregon. These state and federal standards are potential ARARs for Portland Harbor. Total maximum
daily loads (TMDLs) are to be established for various pollutants entering Oregon's water bodies,
calculating the maximum amount of each pollutant that can enter a specific waterway. A TMDL for dioxin
has currently been established for the Willamerte River.

The CWA also establishes a National Pollution Discharge Elimination System (NPDES) permitting
program (40 CFR 122-125), delegated to the State of Oregon, that establishes discharge limits and
monitoring requirements for direct discharges to surface waters and establishes pretreatment
requirements for discharges to sewers going directly into publicly owned treatment works. . NPDES
discharge and monitoring requirements, including stormwater management, may be action-specific
requirements at Portland Harbor if a discharge is made to surface waters during cleanup.

Section 404 of the CWA sets requirements for the discharge of dredge and fill materials into

navigable waters. Since Portland Harbor is a navigable waterway, Section 404 requirements likely will
be an action-specific ARAR for capping or dredging in the Harbor. A Section 404 permit will be needed for
most remedial activities conducted in Portland Harbor.

Section 401 of the CWA requires state certification that any federally permitted project discharging
into U.S. waters will not violate state water quality standards. For nonfederal permitted dredging, Section
401 certification is not required for disposal of dredged or fill material. DEQ is responsible for issuing
Section 401 certifications.

Rivers and Harbors Act, Section 10. The U.S. Army Corps of Engineers (USAGE) administers a

regulatory program under Section 10 of the Rivers and Harbors Act of 1899 that requires their approval of
any work in navigable waters. Portland Harbor is a navigable waterway, so Section 10 likely would apply
to any dredging or capping conducted during remedial activities. A Section 10 permit will be required for
any dredging.

National Environmental Policy Act. Because issuance of a USAGE permit is a federal action, the
National Environmental Policy Act (NEPA) may be an action-specific ARAR. If so, USAGE might have to

conduct an environmental impact review depending on the nature and scope of the proposed activity. If
environmental impacts are possible, USAGE will prepare an environmental assessment (EA). The EA
may identify relatively minor impacts that can be avoided or mitigated, resulting in potential permit
conditions. However, if the EA finds that impacts are likely to be substantial, the applicant or project
proponent may need to prepare an environmental impact statement (EIS).
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Resource Conservation and Recovery Act. Regulations based on the federal Resource
Conservation and Recovery Act (RCRA), Subtitle C, contain requirements for "cradle to grave"
management of materials that meet the RCRA definition of hazardous waste and are potential ARARs for
Portland Harbor (42 United States Code 6901-6987 and 40 Code of Federal Regulations 260-266).
Oregon's Hazardous Waste Management Act (ORS 466.005 et seq.) adopted by reference most of the
substantive provisions of RCRA Subtitle C.

RCRA defines hazardous wastes as either those wastes specifically listed in 40 CFR 261 Subpart D,
or wastes that exhibit one of four hazardous characteristics: ignitability, corrosivity, reactivity, or toxicity as
determined by the toxicity characteristic leaching procedure (TCLP). While the determination has not
been made that any of the listed RCRA hazardous wastes are in Portland Harbor sediments, the potential
exists for certain wastes to be classified as RCRA-hazardous because of their toxicity characteristics. If
wastes are found to fail TCLP, they will be managed as RCRA hazardous wastes.

Other substantive RCRA requirements might be action-specific ARARs and could include standards
that govern hazardous waste generators; transporters; treatment, storage, and disposal facilities; and
land disposal of hazardous wastes. The most significant requirements include the following:

• 40 CFR 262.11-requirements to determine if waste being generated is hazardous waste, whether by
sampling and analysis or process knowledge, applicable to wastes being generated through
excavation or treatment

• 40 CFR 262.34-requirements for the short-term storage (less than 90 days) of RCRA hazardous
waste, applicable to excavated RCRA hazardous waste awaiting treatment and disposal

Land disposal restrictions (LDRs) (40 CFR 268) for wastes characterized as toxic require that the
waste be treated to specified concentrations before placement in a land-based unit. These LDRs only
apply if the waste leaves the area of contamination; (defined on a case-by-case basis) or is treated in a
separate hazardous waste management unit, such as a tank or incinerator, even if this unit is within the
area of contamination. If it fails TCLP, the waste must meet the applicable LDR before any disposal
outside the area of contamination is allowed.

Requirements governing the treatment, storage, and disposal (TSD) of hazardous wastes contained
in 40 CFR 264 are normally associated with facilities applying for, or having received, a RCRA permit.
The type of TSD requirements that are potential ARARs for Portland Harbor will depend on the type of
hazardous waste management unit being used to treat, store, or dispose of any sediments.

These RCRA TSD requirements could apply to units used to manage wastes that failed TCLP and
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would be potentially relevant and appropriate only for units used to manage non-RCRA wastes. RCRA
and Oregon's hazards management regulations are potential action-specific ARARs for Portland Harbor.

State requirements for solid waste landfills incorporate the RCRA, Subtitle D, regulatory
requirements. These requirements may be considered action-specific ARARs if an on-site landfill were
constructed for disposal of solid waste or contaminated media, or for closure of any on-site disposal areas
(40 Code of Federal Regulations 258; Oregon Solid Waste Management Act [ORS 459.005 et. seq.]).

U.S. DOT Hazardous Materials Regulations. The United States Department of Transportation
(DOT) has published regulations that govern the transportation of hazardous materials, including
communications and emergency response requirements, shipping, and packaging requirements (40 CFR
171-180). If hazardous materials are transferred off site, these DOT requirements will apply.

Toxic Substances Control Act (TSCA). In general, these federal regulations for the storage and
disposal of toxic substances require that materials with PCB concentrations higher than 50 parts per
million (ppm) must be disposed of in an incinerator that complies with 40 CFR 761 Subpart D. These
same regulations allow exceptions for materials with PCB concentrations less than 500 ppm or that are
not ignitable. In addition, Subpart D contains specific requirements for the disposal, storage, incineration,
and decontamination of PCBs.

National Historic Preservation Act. This regulatory program sets a national policy for historic
preservation and provides a process that federal agencies must follow to ensure that they have
considered the impacts of their actions on archaeological, historic, and other cultural resources (16 United
States Code 470 et seq. And 36 Code of Federal Regulations 60, 63, 800). National Historic Preservation
Act (NHPA) requirements will be location-specific ARARs for Portland Harbor if the site is determined to
contain cultural resources.

Endangered Species Act. This program designates and protects animal and plant species
threatened with extinction and protects critical habitat necessary for the protection of these species (16
United States Code 1531-1543 and 50 Code of Federal Regulations 10, 13, 17, 222, 226, 402, 424, 450-
453). ESA requirements may be location-specific ARARs for Portland Harbor if threatened or endangered
species are determined to be present or would be affected adversely by site cleanup. During the RI/FS,
the USFWS and the NMFS will be contacted regarding the presence of threatened or endangered
species, or species proposed for listing on or near the site.

In addition to federally listed threatened and endangered species, there are state-listed sensitive species.
The Oregon Department of Fish and Wildlife (ODFW) is tasked with protecting threatened and
endangered species for the State of Oregon (ORS 655-100-00). However, the Oregon Natural Heritage
Program also maintains a database of the locations of threatened and endangered species.
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Fish and Wildlife Coordination Act. The Fish and Wildlife Coordination Act requires federal
agencies involved in actions that will result in the control or structural modification of any natural body of
water, for any purpose, to protect the fish and wildlife resources that may be affected by the actions.
USFWS and ODFW must be consulted on measures to mitigate, prevent, and compensate for project-
related losses and to enhance natural resources in the area. This regulation may be an ARAR if any site
modifications result in changes in fish or wildlife habitat.

Migratory Bird Treaty Act. The federal Migratory Bird Treaty Act (MBTA) of 1918 makes it unlawful
to kill migratory birds by any means unless permitted by regulations. Further, the MBTA requires that
identified ecosystems of special importance to migratory birds be protected against pollution, detrimental
alterations, and other environmental degradations. If migratory bird habitats exist on or adjacent to
Portland Harbor, then the MBTA applies.

4.1.1.2. Preliminary Chemical-Specific ARARs

Chemical-specific ARARs and TBCs for Portland Harbor are addressed in this section for surface
water and sediment. Potential chemical-specific ARARs for Portland Harbor are discussed below.

Preliminary ARARs for Surface Water. The Water Quality Criteria Summary (Table 20 of the Water
Pollution Regulations, Division 41, State-wide Water Quality Management Plan; Beneficial Uses, Policies,
Standards, and Treatment Criteria for Oregon) describes the concentrations of toxic chemicals not to be
exceeded in water bodies in the Willamette Basin. These are based on EPA criteria from EPA's Quality
Criteria for Water (1986). Since water in Portland Harbor is not used for drinking water, these limits likely
would be the applicable.

Preliminary ARARs for Sediment. No sediment cleanup standards for fresh water have been
promulgated by the EPA or DEQ. Sediment quality guidelines will be developed under this work plan for
application in the AOC.

4.1.1.3. Action-Specific and Location-Specific ARARs

Applicability of significant action-specific and location-specific ARARs to be addressed during the
RI/FS is discussed below. Added requirements will be evaluated as information is gathered and potential
cleanup strategies identified.

Sediment Management. In Portland Harbor, RCRA requirements have the potential to be action-
specific ARARs for contaminated sediment that will be managed or treated on site. Landfill and other
closure requirements may be relevant and appropriate.

Substantive RCRA requirements will be applicable to wastes determined to be hazardous if they
exhibit a regulated characteristic, are listed, or exhibit toxicity or persistence. Rl activities will provide
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information necessary to make a RCRA characterization for wastes to be treated, stored, or disposed of
as a result of remediation. Characterizations can be based on process knowledge or analytical data.

The Dredged Material Evaluation Framework for the Lower Columbia River Management Area
(USAGE 1998) is a potential action-specific TBC. This document specifies the manner in which dredged
materials will be sampled, analyzed, and evaluated.

Wastewater Discharges and Stormwater Runoff. NPDES permits may be action-specific ARARs if
wastewaters are discharged as a result of remediation. DEQ might need to issue permits for actions that
cause surface water quality standards to be exceeded temporarily, such as when sediment dredging
temporarily increases turbidity.

Potential action-specific ARARs under the NPDES stormwater program include practices such as
construction and maintenance of cover devices or treatment cells.

Historic Preservation. Information will be obtained through the State Office of Historic Preservation
during the Rl to determine whether the site has been identified as historically significant. The NHPA may
be a location-specific ARAR if the site is determined to be historically significant.

Landfill. State solid-waste landfill requirements may be action-specific ARARs for specific
contaminants if solid-waste disposal areas within the AOC are identified during the Rl.

Fish and Wildlife. The AOC will be evaluated to determine its use by animals, such as fish and
invertebrates, and plants. Information will be obtained during the Rl to determine whether any migratory
birds and threatened or endangered or proposed animal (including fish) and plant species have habitats
in the area. If so, the ESA and MBTA may be location-specific ARARs.

Waters of the United States. Remedial activities that impact waters of the U.S. may trigger action-
specific ARARs pursuant to CWA, Section 404. In addition, the FS will evaluate whether dredging or
capping is an available alternative. If so, the CWA would be an action-specific ARAR and a 404/401
permit needed.

4.1.2. Mapping of Existing Sediment Chemistry Data

Appendix A, Section 9.1 contains a complete analysis of all SEDQUAL-qualified data available as of
January 2000. This task will prepare large- and small-scale contour plots of the existing data for the
purpose of guiding reconnaissance investigations and better informing the design of Phase 2 sampling
activities. The mapping will use property boundary overlay layers to display the types and density of
proposed sampling with respect to specific site boundaries.
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4.1.3. Benthic Community Characterization (1)

To determine the usefulness of benthic-survey methods for identifying impacts, the benthic
communities in the AOC and reference and comparison areas in the lower Willamette River will be
characterized. It will be necessary to (1) better define the composition of an unaffected benthic
community in the lower Willamette River and (2) evaluate whether natural variability of that community is
low enough for benthic community analysis to be a cost-effective tool for an AOC-wide risk assessment.
In addition, data interpretation metrics for the freshwater systems on the West Coast will be an important
data evaluation task. Once appropriate metrics have been established and if natural variability is low
enough, these data will be used to evaluate whether benthic communities in the AOC are experiencing
adverse impacts relative to other areas of the river. Also, these date could possibly help determine the
sources, whether chemical, physical, or both, of those impacts.

The characterization work will be accomplished using both sediment profile imaging (SPI) and
conventional methods of sampling, enumeration, and identification. This section discusses sampling
locations, SPI and conventional sampling methods, and metric development.

4.1.3.1. Acoustic Survey Methodology

Prior to performing the SPI surveys, it will be necessary to conduct acoustic surveys of the AOC and
reference and comparison areas. The acoustic surveys will identify rock outcrops and debris where the
SPI sampling equipment could possibly be damaged, and more accurately define the locations of the
shelf/slope and slope/channel breaks. . The acoustic surveys will be performed using side-scan sonar
techniques.

Side scan sonar is one of the most accurate systems for imaging large areas of river bottoms (Fish
and Carr, 1996). Side-scan sonar employs a towed system that normally functions when it is moving in a
straight line. Similar to side-looking airborne radar, side-scan sonar transmits a specially shaped acoustic
beam 90 degrees from the support craft's path and outward to each side. This beam propagates into the
water and across the bottom sediment's surface. Surface variations and objects on the bottom sediment
reflect some of the incident sound energy back in the direction of the sonar apparatus. This sonar
receiver is sensitive enough to capture and amplify these reflections and send them to a data processor
and display. Images produced by quality side-scan sonar systems are highly accurate and can be used to
delineate very small objects.

The shape of the beam from the side-scan sonar's transmitter is crucial to the formation of the final
image. Typically, a side-scan acoustic beam is very narrow in the horizontal dimension (approximately 0.1
degree) and much wider (40 to 60 degrees) in the vertical dimension (Fish and Carr, 1996). The side-
scan sonar transducer assembly (towfish) is normally towed behind and below the surface vessel. It has a
hydrodynamic body shaped like a torpedo that contains the transducers and electronics, and a set of
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tailfins to keep the towfish in line with the tow track. Some towfish are light enough to be launched by
hand while others, loaded with a large number of sensors, must be lowered over the side of the vessel
using a winch and A-frame or davit. In shallow water, lightweight, flexible towcables can be used. In water
deeper than about 30 meters, heavier, armored cables must be used due to the depressive weight of the
cable and for added strength of the steel armor.

Typical applications of side-scan sonar result in a gray-scale paper record or, with computerized
sonar processors, a false-colored image depicting the varied strengths of the returning beam. Classic
gray-scale recorders have historically provided an image on a paper chart where strong reflectors are
displayed as dark areas and a total lack of returning energy as white. This produces an image that
appears to be a negative. Modern sonar systems can reverse this and computerized data processors can
apply a variety of false colors to these signal strengths.

Shadows are often the most important interpretive tool. They can indicate more about the makeup of
a reflector than the acoustic returns from the reflector itself. Shadows produced from objects relieved from
or depressed onto the seafloor, are the primary features that provide three-dimensional quality to the two-
dimensional sonar record and provide the first clues to actual conditions. Objects relieved from, or
depressed into the seafloor produce these shadows. The sonar interpreter relies heavily on their position,
shape, and intensity to accurately produce most records. Many bottom targets, such as localized, gentle
upward slopes or acoustically translucent objects, cause only a slight shadow in the sonar record. Other
objects, such as rocks, sand waves, shipwrecks, or schools of fish will cast clear, harsh shadows.

The causes for lighter areas on a sonar record are grouped into three general categories: (1) shadow
zones that have been blocked from the sonar beam by an acoustically opaque object; (2) areas of
topography that provide less backscattering of the sonar beam, such as soft sediment or smooth
sediment; and (3) areas that are oriented in such a way as to provide less backscatter, such as an area
inclined away from the towfish, or a sloping seabed.

Material properties of the area being scanned determine the acoustic reflectivity of that section of
bottom sediment. Rock and gravel are better reflectors than sand or mud and show up darker on the
sonar record. , The shape of the individual components making up these materials can strongly influence
reflectivity and backscattering potential. Topography also determines the reflected energy strength from
the sonar beam. Up slopes facing the towfish are far better reflectors than down slopes because of the
lower angle of incidence of the sonar pulse as it encounters the bottom and appears darker on the record.
Since material and topographic reflectors often produce the same effect on the sonar display, the
operator interprets the sonar record carefully in order to determine the actual makeup and configuration of
the surveyed area.
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4.1.3.2. Sediment Profile Imaging

SPI provides a rapid, cost-effective method for mapping changes in the surface of the seafloor or
lake and river bottoms (Rhoads and Germano 1982, 1986). This optical technique can quickly image,
measure, and analyze physical, chemical, and biological parameters over large areas. SPI is performed
in situ by lowering the instrument to the sediment-water interface from which an optical prism
automatically descends from the deployment frame and vertically penetrates the top 20 (centimeters) of
sediment. The sharp edge of the prism, coupled with a slow penetration rate, ensures that image profiles
of the sediment are as undisturbed as possible. Image quality is not affected by water turbidity and
typically over 100 images can be taken in a single survey day.

SPI produces 35-mm color slides of sediment profiles that are analyzed by a computerized image-
analysis system. The software allows rapid measurement and storage of a wide variety of imaged
features from each photograph. These features include: (1) grain size major mode and range; (2) small-
scale surface-boundary roughness; (3) evidence of erosional or depositional environments, for identifying
high- and low-kinetic-energy areas; (4) subsurface methane gas pockets as evidence of high sediment
oxygen demand; (5) depth of the apparent redox discontinuity; (6) evidence of excess organic loading;
and (7) presence of benthic infauna.

Benthic communities may be present on the shelf, slope, and channel of the AOC. These areas likely
differ in key sediment characteristics, such as grain size and organic matter content that affect their
suitability as habitat for different species of benthic macroinvertebrates. Consequently, these areas will be
characterized using SPI to determine the sediment types and benthic communities that reside there. The
AOC (RM 3.5 to 9.5) will be divided into twelve 0.5-mile subareas, and within each AOC subarea,
approximately 250 SPI images will be collected. These will be more or less evenly spaced throughout the
subarea. Initially, only 20 percent of the images will be analyzed;, and aAdditional images will be
analyzed in heterogeneous zones of each subarea to provide better characterization. This overall
approach will prevent the need for remobilization to characterize such zones and also capture the range
of sediment types and benthic communities present in the AOC.

A similar approach will be used to characterize the comparison and reference areas. Each of these
areas is defined as a 0.5-mile river reach centered on a selected RM mark. In each area, approximately
250 SPI images will be collected. Initially, only 20 percent will be analyzed. Additional images will be
analyzed in heterogeneous zones to better characterize them.

The results of the SPI survey will be used to identify sedimentary regimes in the AOC and at the
candidate reference and comparison areas based on the biological and geochemical parameters
measured. At each candidate reference and comparison area, one station for benthic community
sampling will be placed within each sediment regime identified by SPI to ensure that all habitat types are
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sampled. Up to 20 stations for benthic community sampling will be placed in each distinct identified
sediment regime of the AOC. To the extent possible, areas in the AOC with both varying degrees of
chemical contamination and physical disturbance will be sampled so the influence of these stressors on
benthic community composition can be evaluated. Samples will also be collected for synoptic chemical
and toxicity testing to support SQG development (see Section 4.1.6.1).

As discussed above, the information gathered with SPI will be used to 'focus the sampling for the
benthic community characterization task. By using SPI to characterize the variation in benthic
sedimentary regimes, limited sampling resources can be optimally allocated to characterize the benthic
community in the AOC and the comparison and reference areas. The SPI data may also be used to
supplement conventional biological and chemical sampling methods since they can be used to delineate
gradients in biological community type, organic loading, deposits from anthropogenic point-source
discharges, and sediment grain size between the fixed stations where conventional sampling is
conducted.

• 4.1.4. Ecological Characterization Surveys

These include surveys of (1) the distribution and abundance of benthic communities at selected areas
within the lower Willamette River; (2) type, size, and movement of fish populations; (3) the presence of,
and habitat utilized by, primarily, fish-eating birds and mammals; and (4) recreational and subsistence
human uses of the Willamette River within the AOC.

4.1.4.1. Fish and Shellfish Surveys

The characterization of fish species and habitat in the AOC will include two levels of investigation: (1)
review and summary of existing information and (2) investigation of the AOC to verify literature
information and fill data gaps. Shellfish species potentially occurring in the AOC will be identified from
literature and field reconnaissance studies.

Background information will provide a reasonably complete understanding of fish species present in
and around the AOC. Additional reconnaissance of the AOC will be conducted as part of the Rl to collect
data on migratory habits and habitat available for fish and shellfish. The characterization methods that
were considered for use included:

. • Methods for Stream Habitat Surveys (ODFW 1997)
• Methods for Sampling Fish Communities as part of the National Water-Quality Assessment

Program (USGS 1993)
• Methods for Characterizing Stream Habitat as part of the National Water-Quality Assessment

Program (USGS 1993)
• Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
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Macroinvertebrates, and Fish, 2nd Edition (Barbour et al. 1999)

In 1989, EPA developed a guidance document entitled Rapid Bioassessment Protocols (RBP) for
Use in Streams and Rivers: Benthic Macroinvertebrates and Fish (Plafkin et al. 1989; that provided
protocols for bioassessment including biomonitoring, biological data analysis, and habitat assessment
and physicochemical characterization. A second edition (Barbour et al., 1999) was published that
reflected advancements in these methods since the original 1989 approach. The original rapid
bioassessment protocols were designed as inexpensive screening tools for determining if a stream is
supporting a designated aquatic life use (Barbour et al. 1999). The guidance for habitat assessment and
physicochemical (water quality) characterization was primarily directed at providing supporting evidence
for the biotic data for identification of stream impairment. As such, the habitat quality assessment can
help determine if selected physical and water quality parameters may be limiting to the existence or
distribution of biotic community components within the stream. A diverse yet seasonally modified fish
community exists within the AOC, although the habitat and physicochemical parameters that could be
limiting to this community are unknown. A better understanding of these physical and chemical attributes
is necessary before an assessment of the potential effects to this community, from in situ sediment
contamination, can be made. To provide this information, a habitat characterization assessment
throughout the AOC will be conducted.

Habitat characteristics that will be evaluated include the following:

• General land use
• Stream origin
• Stream width and depth
• Variety and quality of the substrate
• Channel Morphology
• Bank structure
• Riparian vegetation

The following physicochemical attributes must also be measured within each segment:

• Temperature
• Dissolved oxygen
• pH
• Conductivity
• Turbidity

Because of the size of the Willamette River, the parameters pertinent to the assessment of habitat
quality will focus on macro-scale features. The fishery data to be used in the overall use-attainability
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assessment are representative of this entire reach. To provide a more systematic approach to evaluation
of the habitat, the AOC will be subclassified into multiple segments. This will allow a relative assessment
of those habitat-quality parameters, as they relate to fishery requirements, within each designated
segment. In addition, appropriate habitat-quality parameters will be assessed within comparable stream-
class portions of the upper Willamette River outside the influence of the AOC.

Field portions of the habitat assessment will entail surveys to semiquantitatively sample or rate some
or all of the following parameters:

• Epifaunal substrate and available cover
• Embeddedness
• Substrate characterization
• Velocity and depth combinations
• Pool variability
• Sediment deposition
• Channel flow status

• Channel alteration
• Frequency of riffles (or bends)
• Channel sinuosity
• Bank stability
• Riparian vegetative-zone width

For each of the above-mentioned parameters, a 0 to 20 scale will be employed that signifies a numerical
representation of four condition categories: poor, marginal, suboptimal, and optimal. For each parameter
addressed, the 0 to 20 score will be based on the degree to which conditions observed within the stream
segment provide the necessary parameter components or traits. For example, for the parameter
"sediment deposition", poor conditions (0-5) may be represented by the following description: "Heavy
deposits of fine material, increased bar development; more than 50 percent of the bottom changing
frequently; and pools almost absent due to substantial sediment deposition." Optimal conditions (16-20)
could be represented as: "Little or no enlargement of islands or point bars and less than 5 percent of the
bottom affected by sediment deposition". Habitat assessment results will be compared among segments
and to upstream areas to provide a qualitative determination of each segment's attainable biological
potential to support fishery components.

4.1.4.2. Bird and Mammal Surveys

Characterization of bird and mammal species and habitats in the AOC will include two levels of
investigation: (1) review of existing background information, and (2) reconnaissance-level investigation of
the AOC to verify literature information and fill data gaps. The objective of the ecological characterization
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is to verify or alter the choice of assessment endpoints for ecological risk assessment. The currently
proposed indicator species include great blue heron, osprey, bald eagle, merganser, mink, and river otter.
Selected shorebirds may be included if surveys indicate their presence.

The type and abundance of birds and mammals within the AOC has not been well characterized.
Information regarding behavior such as migratory habits, eating habits, and preferred habitats will be
collected. Information will also be collected regarding the nature and extent of available habitat that is
present in, along, and near the lower Willamette River, and that can support the wildlife species selected
as ecological risk assessment endpoints. This will be used to present potential exposure scenarios for
birds and mammals that may be at risk from chemicals present in sediment. A map showing the location
of functioning ecological habitats along the lower river and in the AOC will be generated from these
studies.

4.1.4.2.1. Background Information Review

Existing literature, maps, aerial photos, and other materials will be reviewed to identify habitat types,
vegetative communities, and other land uses and compile a list of wildlife species in the AOC and lower
Willamette River. Sources of information for this task will include: (1) recent aerial photographs of the
AOC; (2) National Wetland Inventory (NWI) maps for the study area; (3) Oregon Natural Heritage
Program (ONHP) sensitive species database; (4) ODFW Annual Reports; (5) USFWS sensitive species
database; (6) Lower Willamette River Wildlife Habitat Inventory (COP 1986); (7) Local, state, and federal
agency reports on wildlife resources in the project area; and (8) recent articles from the peer-reviewed
literature, such as Henny and Kaiser (1996) and other investigations discussed in Appendix G of the
PHSMP.

The background information review will result in two principal products: (1) a habitat map for the AOC
that will illustrate the location of potential wildlife habitat relative to sources of contamination; and (2) a list
of common, rare, and endangered wildlife species for the AOC. For protection of proposed, listed, or
sensitive species, the specific sightings of these species will not be identified; instead, the general
habitats will be identified.

4.1.4.2.2. Field Investigation Methods

The background information review should provide a reasonably complete picture of the habitat types
and wildlife species present in and around the AOC. Nonetheless, a reconnaissance of the AOC will be
conducted to verify the existence of habitat types identified from aerial photos and maps, and to collect
additional information on migratory and eating habits, and preferred habitats of wildlife species.

Five characterization methods were considered for assessment of wildlife habitat. These included: (1)
Habitat Evaluation Procedures (USFWS 1980); (2) Assessing Wetland Functions using Hydrogeomorphic
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(HGM) Assessment (USAGE 1995); (3) Wetland Delineation Manual (USAGE 1987); (4) Wildlife Habitat

Assessment for Sites with Surface Water Features (City of Portland Bureau of Planning [BOP] 1987);
and, (5) Oregon Freshwater Wetland Assessment Methodology (Roth et a/. 1996). The goals and
objectives for habitat assessment differ for each, and none provide specific mechanisms for determining a
habitat's suitability for all of the receptor species selected for risk determination. Methods (2), (3), and (5)
are designed primarily to determine if areas meet the definition of "wetlands" and do not address the use
of these areas by wildlife species. Methods (1) and (4) were most applicable to the goals of the PHSMP,
and, thus, the characterization method presented here reflects a combination of both of these
approaches.

Within the Habitat Evaluation Procedures methodology a habitat's suitability for each selected
receptor species can be assessed by measuring the appropriate life-requisite parameters in the field. The
parameters selected for each species have been determined to be critical components necessary to
sustain populations of the species in question. Portland's Wildlife Assessment Method provides for field
assessment of areas, through a rating system, to determine a habitat's general potential to support
wildlife in terms of food, water, and cover availability and quality, relative to other assessed areas. The
incorporation of these two methodologies, for the AOC, is intended to assess a habitat's ability to support
the specific receptor species that have been previously identified as potentially at risk from contaminated
sediments.

4.1.4.2.3. Recommended Characterization Method

The characterization of terrestrial habitats associated with the AOC will focus on sampling and survey
strategies, with an emphasis on qualitative data acquisition. As this characterization will only provide a
point-in-time assessment, it is important to emphasize how this constraint may add uncertainty to the
overall assessment objective.

Typical sampling efforts are directed at obtaining estimates of populations and diversity (numbers of
species) within a community, and a one-time sampling effort almost always underestimates richness
(number of individuals) because ephemeral populations are easily missed and quantitative results
underestimate the dynamics of the site (EPA 1989). Much of the variability observed in species diversity
and richness data results from differences in availability of life requisites, and in the structural
characteristics of the habitat itself (Black and Thomas 1978). In addition, although numbers of species
and individuals associated with a particular habitat may change for unpredictable reasons, the habitat
potential will remain unchanged.

Therefore, the objective of the characterization approach within the AOC will be to qualitatively
assess terrestrial habitats identified during the initial data gathering phase. The predicted quality of these
identified habitats will be verified on the ground to determine their viability to support identified receptor
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species. This determination will be based on literature-derived habitat requirements, such as presence or
absence of cover, cover height, proximity of feeding areas, contiguous habitat, and vegetative diversity, to
name a few. For example, for great blue heron, variables such as the following will be assessed: (1)
habitat proximity to shallow water (< 50 cm deep) that is within "commuting" distance (4 to 5 km) of an
active heronry, (2) trees that can provide nesting-above-ground heights of 5 to 15 meters, (3) presence of
black cottonwood trees, (4) minimum contiguous habitat of at least 0.4 hectare, and (5) a buffer zone of at
least 250 meters from human activity. Each of these habitat requirements will vary for selected species,
but the overall assessment of each habitat type will provide an estimate of its ability to support the
species in question.

Specific field methods will include a systematic survey of each habitat type to subjectively evaluate
the degree to which existing vegetation and other life-requisite components are available, as well as their
cumulative potential to provide viable habitat for each selected species. These surveys will consist of
transect or quadrant sampling within previously identified habitat types to verify community types,
transition breaks, vegetation assemblages, and other variables. Botanists familiar with regional and local
flora will assess floral species assemblages, and wildlife biologists familiar with receptor species life
requisites will assess habitat structure and functional attributes. These data will then be evaluated using
overall receptor-species habitat requirements to determine the habitat's ability to support the selected
species. Finally, maps will be produced for each species to show the potential for high-, medium-, or low-
quality habitats, based on the prescribed life requisites. Although the results of these methods may not
provide definitive data on a species presence or absence, they will provide a gauge by which potential
risk exposure scenarios can be based.

4.1.5. Human Use Survey

The purpose of the human use characterization surveys is to verify how people may be exposed to
contaminated sediments in the AOC. Pending the outcome of these surveys, the main routes of exposure
(see Section 2.4) are expected to be through direct contact with sediment and consumption of fish and
shellfish that may have bioaccumulated sediment contaminants. The following sections explain how these
exposures will be characterized.

4.1.5.1. Nonconsumption Exposure Scenarios

Nonconsumption exposure scenarios include direct contact with sediment and incidental ingestion of
sediment while working, during subsistence and recreational fishing activities, or beach use and other
recreational exposures. In addition, individuals may reside in the AOC for short or long periods under a
transient or resident trespasser scenario.

To better characterize how and where some of these activities may occur in the AOC, a beneficial
land and water use survey will be conducted in accordance with DEQ's Revised Division 122 Rules. The
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use survey will compile land and water use information for the entire AOC. Most of this information can be
obtained from site owners and public agencies. Information obtained from local public agencies regarding
zoning and planned future use can be used to support assumptions made in the risk assessment. For
example, verifying that none of the land within the AOC is zoned for residential use will support the
decision to omit quantitative evaluation of a standard residential scenario from the nonconsumption
human health risk assessment (see Section 5.4.1) Local agencies and resources that will be contacted
regarding land and water use in the AOC include, but are not limited to: (1) Municipality of Metropolitan
Portland (Metro) available), (2) City of Portland Bureau of Planning, (3) Oregon Water Resources Division
(for water diversion), (4) Portland Water Bureau for city-supplied potable water, and (5) Port of Portland.
Some land use information has already been assembled.

In general, land use is mixed in the AOC. Upstream industrial and commercial land use is
predominant while downstream some residential areas are present, but are not adjacent to the river. In
addition to industrial and commercial land uses, several open areas have been identified, including
Cathedral and McCarthy Parks. Also, Metro is acquiring land in Willamette Cove as part of its Willamette
River Greenway project to protect fish and wildlife habitat, provide river access for the public, achieve
scenic values, and protect water quality.

In addition to reviewing public information on the AOC as a whole, individual property owners will be
contacted regarding land use on their properties. Finally, a survey along the Willamette River within the
AOC will be performed on land and by boat to observe land and water use to verify potential activities.
Previous investigators in the study area have identified homeless people residing near the Willamette
River in the AOC. , people swimming and riding personal watercraft in the river, and divers sampling
sediments as part of other investigations. By completion of a qualitative survey, the location and
frequency of these activities will be better characterized for inclusion in the AOC Rl.

4.1.5.2. Consumption Exposure Scenarios

Consumption exposure scenarios include ingestion of fish and shellfish (including clams and crayfish)
obtained during tribal, subsistence, and recreational fishing activities occurring in the AOC. Determining,
in a qualitative manner, the fishing habits of people within the AOC, the ethnicity of the anglers, and how
they consume and otherwise use their fish is the goal of the fishing-practices survey. The primary uses
for this information will be designing the fish and shellfish tissue-sampling effort to ensure that: (1) fish
and shellfish species fished for are sampled, (2) spatial and temporal locations of these target species are
known, and (3) species that people care about is not inadvertently excluded. In addition, fishing
practices that result in significant exposures to sediment will be documented. Because this information
is needed prior to finalizing the design of the fish and shellfish tissue sampling effort, this survey will occur

in the 3-month window of the reconnaissance phase.
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The objectives of the survey include identifying (1) the age, gender, and ethnic group of anglers; (2)
the species of fish or shellfish that are typically caught; (3) whether any unique fishing methods are used,
such as beach seining, that could increase nonconsumption exposures to sediment; and (4) whether the
fish or shellfish caught are actually consumed by anglers, members of their family, or others.

The survey will consist of (1) off-water interviews with anglers; (2) completion of a survey
questionnaire by anglers; (3) meetings with fishing organizations, tribal anglers, and community groups
likely to include subsistence anglers; and (4) review of records and interviews with ODFW biologists who
know what fish are present and where and when to find them. All surveys will be completed in the 3
months immediately following implementation of the work plan, during Phase 1.

A survey questionnaire will be used to record qualitative information obtained during these meetings
and interviews. The survey questionnaires will be designed after reviewing fish catch and consumption
profile methodologies and results of surveys conducted in the Portland area, the greater Pacific
Northwest, and other parts of the nation.

Interviews and meetings will generally be conducted in English. In the event surveyors encounter
persons who speak Spanish a Southeast Asian language or Eastern European language, the surveyors
will attempt to communicate in their native language, if possible, to obtain the necessary information.
They may also attempt to identify a younger member of the fishing party who speaks English and can
translate.

Coordination with the International Refugee Center of Oregon, Environmental Justice Action Group,
Multnomah County Health Department, Russian Oregon Social Service, and ODFW will assist with
completion of these surveys as these groups have special connections with some minority populations
and may be able to obtain valuable information regarding consumption of fish that would otherwise be
difficult to gather. The surveyors will work with these organizations in conducting outreach for obtaining
additional consumption information.

4.1.6. Development of Sediment and Tissue Guidelines

This section describes how DEQ will derive SQGs, TSCs, and TTLs for use within the overall decision
framework for sediment management in the AOC. In the following sections, technical methods for
derivation of the guidelines are provided in detail.

The following terms and abbreviations will be used in this section:

Sediment Quality Guidelines (SQGs). A numeric sediment concentration above which further

biological testing or a feasibility study is warranted. SQGs address only direct toxicity to benthic
organisms, and do not address bioaccumulative endpoints.
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Tissue Screening Concentrations (TSCs). A contaminant concentration in tissues calculated to be
protective of the fish and shellfish in which the tissue concentrations are being measured.

Target Tissue Levels (TTLs). A numeric tissue concentration in fish and shellfish that may result in
adverse effects to consumers higher up the food chain, including birds, mammals, or humans. If this level
is exceeded, further bioaccumulative testing or a feasibility study is warranted.

Guidelines. The general term "guidelines" is used to refer to SQGs, TSCs, and TTLs.

Remedial Action Objectives (RAOs). Remedial action objectives are sediment concentrations
selected on a site-specific basis that should be met as a result of the cleanup actions selected for the site.
RAOs may be the same as, higher than, or lower than SQGs depending on site-specific factors.

Bioconcentration. The process whereby chemical substances enter aquatic organisms through the
gills or epithelial tissue directly from water is known as biconcentration. The bioconcentration factor (BCF)
is the ratio of contaminant concentration in biota to that in water. Bioaccumulation is a general term
describing a process by which chemicals are taken up by an organism either directly from exposure to a
contaminated medium such as sediment or water, or by consumption of food containing the chemical
(ERA 1997).

The purpose of the guidelines derived in this section is to provide numeric screening levels for
sediment and tissue data that can be used to determine if further biological testing or a feasibility study is
needed in the AOC. In each case in which the guidelines are exceeded, the responsible parties will have
the option to use the guidelines as RAOs, or to conduct further biological testing to determine whether
cleanup is needed.

SQGs, TSCs, and TTLs will be used to assess sediment and tissue quality AOC-wide. SQGs will also
be used for site discovery and prioritization purposes, and to make cleanup decisions in accordance with
the decision framework and conceptual model outlined in Section 2.5 and the risk assessment process
described in Section 5.0. These guidelines may be used by other local, state, and federal agencies, at
their discretion, to carry out related regulatory functions in the AOC, such as source control, public health
advisories, natural resource damage assessment, and endangered species evaluations.

The guidelines will not immediately be applied to evaluations of dredged material for open-water
disposal because revisions to a recently adopted dredged material framework will require agency
approvals by several state and federal agencies in Oregon and Washington. However, it is expected that
the Lower Columbia River Dredged Material Evaluation Framework (DMEF) will be revised, once the
AOC freshwater guidelines are completed. This will be done to increase compatibility between the
cleanup and dredging programs and replace the current screening levels, based on marine apparent
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effects thresholds (AETs), with the newly developed freshwater SQGs. DMEF agencies will be involved in
development of the guidelines to ensure their eventual acceptability in the Columbia River dredging
program.

4.1.6.1. Sediment Quality Guidelines

Freshwater SQGs do not currently exist for this region. The strengths and weaknesses of existing
methods for calculating SQGs, including AETs, threshold effects levels/probable effects levels
(TELs/PELs), effects range low/effect range medians (ERLs/ERMs), and equilibrium partitioning criteria,
were reviewed in the PHSMP (DEQ 1999). A subsequent reliability analysis was conducted using
chemistry and bioassay data assembled for the PHSMP to determine error rates that would be associated
with each of these potential guidelines (Michelsen 1999). Each of the existing methods was found to have
either unacceptably high false-negative rates (>50 percent) or unreasonably high false-positive rates (>70
percent) when applied to the PHSMP data set.

An iterative search was also conducted to identify possible alternative percentiles or combinations of
hit and no-hit percentiles that might provide lower error rates. Although every possible percentile and
combination of the hit and no-hit distributions was tested, a point in the distribution(s) with lower error
rates was not found (Michelsen 1999). A significant percentage of the error in these methods is related to
the use of a single percentile of the distribution for all chemicals. Because all chemicals do not contribute
equally to toxicity in a data set, this oversimplification results in substantial mathematical error.

To improve on these approaches, a new method of calculating SQGs will be used for the AOC that
does not require the guidelines to be based on the same percentile of the distribution for all chemicals.
This overall method is described below, followed by a detailed description of the steps and calculations
involved in developing these SQGs. This method, known as the floating percentile method, substantially
improves false-negative and false-positive error rates for the PHSMP data set over existing approaches,
and results in guidelines that are reasonably protective without being overly conservative. Excel
spreadsheets with automated macros demonstrating the approach are also available, and will be
integrated into the SEDQUAL information system during Phase 1 of the Rl.

4.1.6.1.1. Overview of Calculation Methods

The basic concept behind the floating percentile method is to select a constant percentile of the data
that provides a low false-negative rate, then adjust individual chemical values upward until false-positive
rates are optimized (decreased to their lowest possible level) while retaining the same level of false
negatives. The method is illustrated in Figure 4. First, a constant percentile is initially selected for all
chemicals that result in a 10 percent false-negative rate, similar to an ERL. The difference between this
constant percentile and the true (but unknown) toxicity threshold for each chemical is shown in green, and
this is the source of the false-positive error.
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Figure 4. Floating Percentile Method
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The second step is to determine which chemicals are associated with false-positive errors in the data
set and adjust those SQGs upward until their toxicity thresholds are reached (lower red bar). Above this
point, false negatives will begin to increase. Within the red region, both false negatives and false positives
may occur; this region is the range of concentrations over which site-specific bioavailability plays an
important role in toxicity. On the graph, Chemical B's concentration cannot be raised at all,
already within its toxic concentration range. In any data set, a few chemicals will already be
range, giving rise to the low percentage of false negatives that the blue line represents.

Once each chemical has been individually adjusted upward to its threshold, the false
have been significantly reduced while retaining the same low false-negative rate. In
optimized criteria sets can be developed for a number of different target false-negative rates
trade-offs between false negatives and false positives to be evaluated and a final set of
selected.

In summary, the steps required to calculate SQGs using this approach include:

• Select toxicity tests and endpoints
• Compile synoptic chemistry and bioassay data
• Assign hit/no-hit status
• Screen data and develop chemical distributions
• Select target false-negative rate and identify associated percentile value
• Adjust percentiles for individual chemicals upward to reduce false positives
• Conduct sensitivity analysis

Each of these steps is discussed in greater detail in the sections below.

4.1.6.1.2. Toxicity Tests and Endpoints

because it is
at their toxic

positives will
this manner,
, allowing the
SQGs to be

As discussed in the PHSMP, the following tests and endpoints for which data are currently available
will be included for initial calculation of benthic SQGs.

• Hyalella azteca 10-day mortality
• Chironomus tentans 10-day mortality, 10-day growth, or both
• Microtox pore water extract

Currently, sufficient data exist to calculate SQGs for the Hyalella azteca 10-day test for most AOC
contaminants of concern and some data are available for the other two tests. During the AOC-wide Rl
and various ongoing site-specific RIs, additional data will be collected for the Hyalella
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Chironomus tentans 10-day test, and Microtox. Once sufficient data are available for these tests, or if
benthic community analysis proves to be viable on an AOC-wide basis, SQGs for these endpoints will be
calculated. When this process is completed, SQGs will be available for a suite of three to four acute and
chronic tests, and the lowest or second-lowest values (depending on how many SQGs are finalized) will
be available as default RAOs for the AOC.

4.1.6.1.3. Compilation of Data

Data sets will be gathered from the Washington Department of Ecology's SEDQUAL database and
available data sets in western Oregon. To increase the size of the data set while maintaining a regional
focus, some freshwater data from outside the AOC will be included. While using data entirely from within
the AOC would be optimal not enough of this data exists to calculate guidelines. Addition of regional data
from similar watersheds will allow more rapid calculation of guidelines and may allow wider application of
the resulting guidelines to other freshwater sites in western Oregon (and conceivably, Washington too).

Only freshwater (<1 ppt salinity) from urban watersheds west of the Cascade Mountains will be
included. Estuarine stations will be excluded, as will stations that are predominantly coarse-grained. For
this reason, Columbia River data will generally not be included, with the exception of the Columbia River
Backwater Study that targeted fine-grained areas. Data sets that will be included come from the following
areas: Columbia Slough, Puyallup River, Duwamish River, Lake Washington-Lake Union-Salmon Bay
watershed, and Snohomish River.

All data sets will undergo rigorous quality assurance (QA) prior to being entered into SEDQUAL and
used to calculate SQGs. A QA2-level review will be performed, in accordance with the methods outlined
in PTI (1989). This is the highest level of quality assurance used by the Washington Department of
Ecology and the Puget Sound Dredge Disposal Assessment program for criteria development and
litigation-sensitive data, and was developed specifically for sediment data. Tests that fail performance
standards for controls or for which adequate quality assurance / quality control (QA/QC) information
cannot be located will not be included in the database. Tests that fail performance standards for the
reference station but have acceptable controls will be included and interpreted in accordance with Fox
and Michelsen (1997).

Most of the existing data have already been compiled into SEDQUAL format, and additional studies
continue to be obtained, entered, and reviewed for quality assurance. A list of existing studies and their
status is provided in Table 12. This process will be completed during Phase 1 of the Rl, at which point
data gaps will be updated and the number and locations of Phase 2 bioassay-sampling stations finalized.
These stations will likely be targeted at areas with higher concentrations and will be used in addition to
bioassay stations in the general harbor designed to identify the nature and extent of AOC-wide
contamination.
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Table 12. Status of SEDQUAL Data Sets (as of 01 Jan 2000)

SURVEYS
Portland Harbor Data
Weston (EPA/DEQ) SA Study (inc. Elf
Atochem splits)
McCormick & Baxter (PTI)
Portland Shipyard (PSY) Sediment
Investigation (SEA)
PSY Environ. Audit (Dames & Moore)
Dames & Moore Willamette River data
PSY Drydock 3 post-dredge data
PSY Drydock 4 post-dredge data
PSY Berth 31 1 1990/1992 data
Port of Portland berth and mid-channel
data
Terminal 2 Berths 203-206
Terminal 4 Berth 41 6
Terminal 4 Remedial Investigation (Port
of Portland)
Tosco Dredged Material Evaluation
(TOSCO)
Portland Stormwater Discharge Study
USAGE Channel Deepening data
Reidel sediment investigation, Phase 1
(MFA/DEQ)
Reidel sediment investigation, Phase 2
(MFA/DEQ)
Willamette Cove Supplemental Site
Assessment
US Moorings 1989
US Moorings 1994
US Moorings 1995
USAGE Berth Sampling
Willbridge Terminals

SEDQUAL
Survey Name

WR-WSI98

MBCREOS1.2
PSYSEA98

PSYD&M97
WRD&M98

PSYDD3
PSYDD4

PSBTH311
PTLDBRTH

PPTLDT24
PPTLDT24
PTLDT499

TOSCO99

WRSTRM94
WRCHDEEP

RIEDEL96

RIEDEL97

WILLCOVE

COEUSM89
COEUSM94
COEUSM95
WILRIV99

Obtained?
Hard Copy

Y

Y
Y

Y
Y
Y
Y
Y
Y

Y
Y
N

Y

Y
Y
Y

Y

Y

Y
Y
Y
Y

Electronic

Y

some
Y

some
some
some
some
some

Y

N
N
Y

NA

NA
Y

NA

NA

NA

NA
NA
NA
Y

QA'd?

QA1

QA2
QA2

QA2
QA2
QA1
QA1

U
QA1

QA2
QA2

in proc

in proc

QA1
QA1

in proc

QA1

QA1

U
QA1
QA1

in proc

Processed?
Entered?

Y

Y
Y

Y
Y
Y
Y
Y
Y

Y
Y

Y

Y
Y
Y

Y

Y

Y
Y
Y
Y

Checked?

Y

Y
Y

Y
Y
Y
Y
Y
Y

Y
Y

Y

Y
Y
Y

Y

Y

Y
Y
Y
Y

Synoptic bioassay /chemistry already in WA SEDQUAL
Columbia Slough
Lower Columbia River Backwater Study
Mill Creek
Cedar River
Quendall-Baxter
Lake Union
Lake Union Drydock
Gas Works Park
Seattle Commons
Tri-Star Marine
Marco Shipyard
Payne Field
Ferndale WWTP

CBSLOUGH
LWRCOLUM
MILLCRP2
CEDARIV

QUEBAX1,2,3
LKUNION

LKUNDRDK
GWPLKUN
SEACOM94
TRI-STAR
MARCO90
PAINEFLD
FERNDALE

Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ
Ecology HQ

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

SAIC
SAIC
SAIC
SAIC
SAIC
SAIC
SAIC

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

New Washington Data
Salmon Bay Study
Sand Point Naval Station

Ecology NWRO
Ecology NWRO

NA
NA

SAIC
SAIC
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4.1.6.1.4. Classification of Hit/No-Hit Status

For each biological test, stations will first be classified as "hit" (shows adverse effects) or "no-hit"
(shows no adverse effects). Adverse biological effects will be determined, as described in Section 5.1, so

that the SQGs and the interpretation of biological tests will represent the same conceptual level of effects.
Statistical analysis will be conducted in accordance with Fox et al. (1998) using BIOSTAT, developed by
the Corps of Engineers, Seattle District, for the dredged material management program, or the SEDQUAL
bioassay statistical interpretation module (both are equivalent). Tests with multiple acceptable reference
stations will be interpreted in accordance with Michelsen and Shaw (1996), comparing each test station to
that reference station with the closest grain size regime.

The purpose of the hit/no-hit assignments using the biological test data is to provide a baseline
determination of toxicity against which predictions of toxicity can be compared. Because this SQG
method relies on field data in which a mixture of chemicals may affect overall toxicity at a station, error
rates should also be calculated using the entire suite of guidelines that are developed to predict the
presence or absence of toxicity at a station. The following definitions will be used for assessing the
reliability of the SQGs:

• Correct result. The SQGs predict no toxicity at a station and no toxicity is observed, OR the
SQGs predict toxicity at a station and toxicity is observed.

• False positive. A false positive error occurs when one or more SQG is exceeded at a station, yet
toxicity is not observed at that station.

• False negative. A false negative error occurs when no SQG is exceeded at a station, yet toxicity
is observed at that station.

• Sensitivity. The percentage of the time that the SQGs, when applied as a set, correctly identify
stations that are actually toxic (number of stations predicted to have toxicity divided by the
number of stations that demonstrate toxicity).

• Efficiency. The percentage of the time that the SQGs, when applied as a set, correctly identify
stations that are not toxic (number of stations predicted to have no toxicity divided by the number
of stations that demonstrate no toxicity).

• Overall reliability. Overall reliability will be calculated as the percentage of the time that the
SQGs, when applied as a set, correctly predict the presence or absence of toxicity at a station
(number of stations correctly predicted divided by total number of stations).

These measures will be used to optimize the SQGs and evaluate trade-offs between different types of
errors.
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4.1.6.1.5. Data Screening and Development of Chemical Distributions

Unlike most calculation methods, initial data screening is not strictly necessary as part of the floating
percentile approach. If a chemical is included that has no effect on toxicity in the data set, the percentile
values for that chemical will automatically be adjusted upward until the highest recorded concentration is
reached. Since the toxicity threshold is never reached, this will indicate that the chemical is not toxic at
levels measured in the data set, and the chemical can be dropped from the list of concern. However, from
a practical standpoint, it is likely more efficient to screen out chemicals ahead of time to reduce the
complexity of data manipulation and the subsequent calculations.

As an initial screen, the effects and no-effects distribution may be compared using an analysis of
variance test to determine whether they are statistically different (if the distributions deviate significantly
from normality, the non-parametric Kruskal-Wallis test will be used instead). If the effects and no-effects
distributions for a chemical are not statistically different, it is likely that that chemical is not contributing to
toxicity in that data set. In addition, chemicals that are undetected or that have less than 20 detected
concentrations will not be included in the data set, as there are too few data points for calculation of
SQGs.

Once data screening is completed, concentration distributions for each chemical will be compiled.
Because the percentile values for individual chemicals will later be adjusted, it is not absolutely necessary
to separate the distribution into hit and no-hit distributions. However, separation of the data into hit and
no-hit distributions provides a starting point closer to the final values and improves the performance of the
SQG macros.

4.1.6.1.6. Target False-Negative Rate

The false-negative rate is the primary measure of interest to the agencies as it represents the degree
of protectiveness of the criteria. Target false-negative rates generally fall within the range of 5 to 20
percent. As a starting point, SQGs will be calculated for 5, 10, 15, and 20 percent false-negative rates.
The final choice of false-negative rates should be made once preliminary SQGs are calculated and the
relationships between false-negative and false-positive rates can be examined. An upper limit of 20
percent would likely still be protective, as this represents a one in five chance of missing toxicity at an
individual station. As Ddecisions on cleanup are based on groups of stations representing an area,, and
an 80 percent accuracy rate is likely to identify the area as toxic and accurate regulatory decisions will be
made. The decision to use a lower false-negative error rate will depend on a trade-off between different
types of errors and the implications for cleanup and dredging programs. Once the level of false positives
associated with these error rates is known, DEQ will select a final set of SQGs following public review. It
may be appropriate to select a range of SQGs for different situations, based on various false-negative
rates, such as taking into account sensitivity of the receiving environment, types of receptors exposed,
size of the area, cost and feasibility of remediation, etc.
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Beginning at the low end of the concentration ranges, such as the fifth percentile, chemical
concentrations will be iterated upward through their distributions using a constant percentile for all
chemicals, until the target false-negative rate is reached. The false-negative rate associated with each
iteration is calculated automatically by an Excel macro or SEDQUAL module as follows:

« Determines the chemical concentrations associated with the current percentile
• Applies these concentrations as a set of SQGs to every station in the database
• Determines at each station whether the set of SQGs results in a false negative
• Counts the total number of stations with false negatives and divides by the total number of

stations at which toxicity was observed in biological tests (the "hit" stations)
• Iterates upward to the next percentile value and repeats the process, If the false-negative rate is

less than the target rate

4.1.6.1.7. Optimization of Error Rates

The process above provides the starting point for the floating percentile method. Once a percentile
corresponding to the target false-negative rate has been reached, individual chemicals can be adjusted
upward until false-positive rates have been reduced while ensuring that false negative rates do not
increase. This process is conducted automatically (by an Excel macro or SEDQUAL module) as follows:

• One at a time, chemical concentrations are increased incrementally.
• After each incremental increase, false-negative and false-positive rates are recalculated as

described above; the entire set of SQGs is compared to every station in the database and error
rates calculated.

• If the false-negative rate increases, the chemical concentration is adjusted back down to its
previous level and that threshold concentration is saved in memory.

• The chemical's concentration is set back to its initial value and the process is repeated with the
next chemical.

• Incremental increases and recalculations continue until a threshold concentration for every
chemical has been found, or it reaches its highest measured concentration. All concentrations are
then set to the threshold concentrations and the error rates are recalculated to ensure that false
negative rates have not increased and determine the false positive rate associated with that
candidate criteria set. This represents the optimized set of SQGs with the lowest possible false-
positive rate for the given false-negative rate.

If a chemical concentration is increased to its highest concentration in the database without affecting
the false-negative rate, that chemical is not likely contributing to toxicity at concentrations measured
in the AOC. The chemical will be dropped from the AOC-wide chemical of concern list. This may also

occur if two or more chemicals strongly co-vary in the data set; one may set the threshold and the
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other may appear to increase without affecting the false-negative rate. Evaluation of several different
starting percentiles and false-negative rates, along with techniques such as correlation regressions,
allows exploration of these relationships and development of appropriate thresholds for co-varying
chemicals.

4.1.6.1.8. Sensitivity Analysis

The SQGs will be tested in a variety of ways to ensure that they have the lowest possible error rates.
To ensure that inclusion of out-of-area data was appropriate, error rates will be calculated both with and
without the additional regional data to ensure that the regional guidelines set is at least as accurate as the
PHSMP data alone in predicting adverse effects. Eventually, data from outside the region will be
eliminated from the data set if doing so improves the reliability of the guidelines for predicting effects in
the AOC.

Individual data sets, as well as data from specific stations, will also be tested in this manner if
questions arise about the appropriateness of including the data. This may occur if the data set or station
is believed to be unrepresentative or an outlier, due to chemicals being present in unusual matrices or
from sources unrepresentative of the AOC. Stations suspected of being outliers that may influence the
ideal percentile value by falling within the critical concentration range can be temporarily excluded from
the data set to see if this improves the error rates.

Certain chemical classes whose toxicity is largely additive, such as PAHs, may be summed during
the guideline calculations if this provides a more predictive or practical approach to guideline derivation.
Guidelines will initially be calculated using both individual and summed PAHs to determine which method
results in lower error rates. Similarly, calculations will be completed both with and without organic-carbon
normalization to determine which approach results in the lowest error rates.

4.1.6.1.9. Automation and SEDQUAL Integration

SQG calculations are currently being conducted in Excel using Visual Basic macros to automate data
manipulations and calculations. During Phase 1 of the Rl, these macros will be incorporated into a new
SEDQUAL module that will allow automated calculation of SQGs. The Excel macros will be directly
usable in creating the SEDQUAL module. Inclusion of the SQG calculation method as a SEDQUAL
module will maximize the efficiency and simplicity of future updates to the SQGs to incorporate new data
or modifications to the method.

4.1.6.2. Tissue Guidelines

4.1.6.2.1. Human Target Tissue Levels

TTLS for protection of human health will be back-calculated from acceptable risk levels using the
equations provided below, in accordance with federal, state, and regional human health risk assessment
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guidance documents (DEQ, 1998ab; WDOH, 1995; EPA, 1997). The equations in these guidance

documents are all conceptually similar, although they may use different combinations of terms to
represent the consumption rate. Rearrangement of the risk assessment equations to solve for an
acceptable tissue concentration yields the following:

Carcinogens:

771 =

Noncarcinogens:

TTL =

ARL-BW-AT
CSF-IR-ED

RfD-BW- HQ
IR

Where: TTL

ARL

HQ

CSF

RfD
BW

ED

AT

IR

Target tissue level (mg/kg)
Acceptable risk level (unitless)
Hazard quotient (unitless)
Cancer slope factor (mg/kg-d)"1

Reference dose (mg/kg-d)
Body weight (kg)

Exposure duration (yr)
Averaging time (yr)
Ingestion rate (kg/day)

The equations derive tissue levels that will be safe for the consumer regardless of what combination
of fish or shellfish being consumed, as long as the overall consumption rate remains below the rate used
in the calculations. Each of the variables in the equation is described below.

Acceptable Risk Level and Hazard Quotient. The acceptable risk level (ARL) for individual
carcinogenic chemicals is defined in OAR 340-122-115(2)(a) as 1x1 CT6, or a one in a million risk of getting
cancer over a person's lifetime. A hazard quotient (dose ingested divided by safe dose) of 1 is used in the

equation for noncarcinogens. Although TTLs will initially be calculated on a chemical-specific basis,
comparison of fish tissue data to TTLs will use an additive approach to account for the potential combined

effects of multiple chemicals. If necessary, TTLs for chemicals with similar modes of action and target
organs will be adjusted downward on an AOC-wide basis to ensure that hazard indices are less than one
and the overall carcinogenic risk is less than 1x10~5 for exposure to all chemicals combined.

Cancer Slope Factors and Reference Doses. Sources of cancer slope factors (CSFs) and
reference doses (RfDs) are outlined in the toxicity assessment portion of the human health risk
assessment work plan (see Section 5.4.1.3). Because the CSFs and RfDs may be updated over time, the
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TTLs developed for the AOC should also be updated as new toxicity values become available. TTLs for
dioxins, furans, and coplanar PCBs will be derived in TEC units and be developed to account for
nondioxin-like carcinogenicity and adverse non-cancer health effects of PCBs.

Body Weight. EPA and DEQ risk assessment guidance recommends a standard 70-kilogram (kg)
average body weight based on national data for male and female body weight (EPA 1997, DEQ 1998a).
Adult male body weights average between 72 and 79 kg, while adult female body weights average
between 58 and 66 kg (DEQ, 1998b The average body weight recommended by DEQ to represent
children is 15 kg (DEQ, 1998a).

Exposure Duration and Averaging Time. DEQ and EPA guidance specify an exposure duration of
30 years (adults) or 6 years (children) for both carcinogenic and non-carcinogenic risks (EPA 1997, DEQ
1998a). This represents an upper estimate of the length of time that most people reside or fish in one
area. For carcinogenic risks that continue well after the exposure period, the equations assume either a
30-year or 6-year exposure duration within a 70-year lifetime (DEQ, 1998a). The 70-year lifetime is
referred to in the carcinogenic equations as the averaging time, since this is the time period over which
the risk of getting cancer is averaged.

Ingestion Rate. Although the ingestion rates are expressed on a kg/day basis for use in the
equation, they are based on annual consumption rates divided by 365 days per year. Therefore, a
person could consume this much fish each day and still be protected. The ingestion rate depends on the
human subpopulation and exposure scenario selected for protection. For the AOC, three exposure
scenarios are. proposed as representative of human populations that may have relatively high
consumption rates of seafood caught in the AOC. Recreational fishing is a popular activity in the AOC,
and recreational anglers have been documented as having higher consumption rates of seafood than the
average Pacific Northwest population. A second exposure scenario is designed to be protective of
nontribal subsistence consumers, including Eastern European, Southeast Asian, and other urban
subsistence anglers. Thirdly, tribal subsistence fisheries occur in the lower Willamette and Columbia
Rivers and are protected by claimed tribal treaty rights.

Regional data for recreational anglers were used to estimate ingestion rates for this exposure
scenario (Pierce et al., 1981; EPA, 1997). A site-specific consumption survey conducted for the Columbia
Slough (Adolfson Assts., 1996) was included to estimate consumption rates for nontribal urban
subsistence anglers. Only studies of self-caught fish are included in this review, to determine ingestion
rates of wild-caught fish as opposed to fish purchased in a store or restaurant.

It should be noted that the Columbia Slough fish consumption survey was conducted after fish
advisory warnings and fact sheets had been provided to the community and some level of awareness
existed about contamination. As a result, a much higher percentage of anglers released their catch
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(instead of eating it) than did anglers at Sauvie Island (Adolfson Assts., 1996). This accounts for the 50th

percentile of zero consumption reported in this study. Data from Pierce et al. (1981) were reported by
EPA as the basis for their Pacific Northwest consumption estimates in the Exposure Factors Handbook
(EPA, 1997). Unlike the other studies, however, this study excluded salmon from catch and consumption
estimates.

Tribal consumption rates for the region are estimated from a study of consumption rates among
Columbia River tribes (CRITFC, 1994; Harris and Harper, 1997). It is possible that these studies may
overestimate tribal fishing within the relatively industrialized AOC. However, protection of claimed tribal
treaty rights necessitates careful consideration of potential risks to tribal anglers and consumers. It is also
possible that both recreational and tribal fishing would increase if the AOC were cleaned up and fish
concentrations were known to be safe.

Table 13 shows ingestion rates for adults compiled from the studies listed above (adapted from
Ecology, 1999 and EPA, 1997). Where distributions for ingestion rates were available, the 90th percentile
value is reported, in accordance with OAR 340-122-115(2)(b), along with the 50th percentile and the
mean. None of the studies show a clear distinction between recreational, subsistence, and tribal
consumption rates. It is likely that each of the studies include a wide range of fishing frequency and effort
among the respondents, including both recreational and subsistence anglers. In addition, while different
ethnic groups are catching and eating different species, the overall consumption rates do not appear to
vary dramatically by ethnicity (Ecology, 1999). Therefore, it is likely that the recreational and subsistence
(including tribal) exposure scenarios may not be distinct, but represent different areas within a continuous
distribution of fish consumption rates. To best reflect potential freshwater consumption rates in the
absence of contamination, the 90th percentile of the CRITFC study (127 grams/day) will be used as the
ingestion rate for adults. This value is also considered protective of nontribal urban subsistence and
recreational anglers. For comparison, EPA (1997) recommends consumption rates ranging from 30 g/day
for recreational fishermen to 170 g/day for subsistence consumers (based on 95th percentiles), and these
proposed values fall near the upper end of that range.

Table 13. Consumption Rate Distributions for the Pacific Northwest (g/day)

Study

Pierce etal. (1981)
EPA(1997a)

Adolfson Assts. (1996)

CRITFC (1994)
EPA(1997a)

50th %ile

10

0s

42

Mean

39

14

63-70

90th %ile

78

51

127

95m%ile

146

105

170-182
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The CRITFC (1994) study also includes an ingestion rate distribution for children, based on 194
samples. The 90th percentile of this distribution is approximately 48 g/day. This ingestion rate can be used
along with a child's average body weight to determine whether it is necessary to calculate separate TTLs
for children.

Body Weight-Normalized Ingestion Rates. Some risk assessment guidance suggests using

separate age-adjusted equations to account for differences in ingestion rates between children and adults
(EPA 1991, 1998). However, this is a more important issue for soil ingestion than for fish consumption,
since children may ingest a disproportionately high amount of soil compared to adults. In contrast, adults
(including both men and women) and children eat a similar proportion offish relative to their body weight.
Body weight-normalized ingestion rates for men, women, and children can be calculated from the
information presented above, and for the 90th percentile ingestion rate are approximately 1.7 g/kg-day, 2.0
g/kg-day, and 3.2 g/kg-day. Male and female body weight-normalized ingestion rates are sufficiently
similar that they can be averaged and a single adult TTL calculated. TTLs protective of children would be
about half that of adults for noncarcinogens. For carcinogens, TTLs for children are higher than those for
adults because their exposure duration is much less. Therefore, it may be appropriate to calculate
separate noncarcinogen TTLs for children.

Calculation Method. Two methods are generally available for calculating risk-based concentrations
such as TTLs. The equations above may be used with single point estimates of each variable;
alternatively, a distribution may be used for each variable that better represents the complete range of
possible values, known as a distributional or probabilistic approach. Use of a probabilistic method for
deriving the TTLs was considered, as single-value approaches are often considered to be overly
conservative and less accurate than probabilistic approaches. Under a probabilistic approach,
distributions, rather than point estimates, are used in the equations for some or all of the input
parameters, and a single combined distribution is calculated for the TTL using Monte Carlo or similar
techniques (DEQ, 1998b). A point on the distribution is then selected as the regulatory endpoint. For
example, the 10th percentile of the TTL (TTL10) distribution could be selected, consistent with DEQ
guidance, and would represent a level above which 90 percent of the population would be protected.
Parameters that could be distributed include body weight and ingestion rate, and are available as
discussed above; body weight distributions for males, females, and children are available in EPA and
DEQ guidance documents (EPA 1994, EPA 1997, DEQ 1998b).

Figure 5 shows an example of single-value calculations versus probabilistic approaches for
calculating TTLs. For men, women, and children, the single-value approach (shown as a straight line)
results in nearly the same value as the TTL10 distribution (shown as a curve). There does not appear to be
an advantage to using a distributed approach, since the calculations are more difficult and the result
similar. Thus, a single-value approach will be used to calculate human health-based TTLs for the AOC.
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In summary, human health TTLs will be calculated using a point-value approach, rather than a
probabilistic approach. Standard EPA/DEQ assumptions will be used for most variables, and the 90th

percentile consumption rate from CRITFC (1994) will be used to be protective of tribal and urban
subsistence anglers. It does not appear necessary to calculate separate criteria for men and women, as
the differences in consumption rates relative to body weight are minor. However, children receive a higher
dose of noncarcinogenic chemicals than adults, relative to their body size, and therefore separate TTLs
will be calculated for both children and adults. Separate TTLs will not be calculated for carcinogenic
exposures because the longer exposure period for adults balances out the somewhat higher dose that
children may receive.

4.1.6.2.2. Wildlife Target Tissue Levels

TTLs in prey items for the protection of wildlife species that consume fish and shellfish will be
calculated on a species-specific basis from an acceptable dose. The relationship between dose and the
concentration in food items can be represented as follows:

nDosej =
BW

Where: Dosef Total dose of chemical x from food (mg/kg-day, dry weight)

IR Total ingestion rate (kg/day)
CF Conversion factor (mg dry weight/mg wet weight)
BW Body weight (kg)
f. Fraction of food item i in the diet (unitless)
Cxi Concentration of chemical x in food item i (mg/kg, wet weight)

In a risk assessment, it is necessary to identify the contributing food items and their chemical
concentrations to estimate the total dose. However, when back-calculating from an acceptable dose to a
TTL in prey items, a single value is calculated that would be protective if a receptor's total diet contained
that chemical concentration. When the chemical concentration in all food items is constant, the equation
above simplifies and can be rearranged to solve for the TTL as follows:

IR-CF

Where: TTL Target tissue level (mg/kg, wet weight) in food/prey items
TRV Toxicity reference value (mg/kg/day, dry weight) is the acceptable dose
BW Body weight (kg)
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IR Total ingestion rate (kg/day)

CF Conversion factor (mg dry weight/mg wet weight)

Applying this equation to derive species-specific TTLs requires three basic steps. First, the
assessment endpoints must be selected. Second, information on the ingestion rate and body weight of
that species must be obtained. Third, a toxicity reference value (TRV) must be obtained from the literature

for each COI. The TRV is the acceptable dose that is not expected to result in adverse effects to the
receptor; it is often called a benchmark value and is derived from laboratory dose-response studies.

Indicator Species. Species proposed as indicator species for this investigation include: great blue
heron, osprey, bald eagle, merganser, mink, river otter, and sturgeon. Great blue herons and osprey nest
and forage in the AOC, and feed primarily on fish and shellfish. Bald eagles are a listed threatened
species that forage in the AOC and may nest in the area. Mergansers have been observed in the AOC
and are representative of smaller birds that may ingest small fish. River otters are common in the
Columbia and Willamette Rivers, and may be present in the AOC. Mink are a widely used indicator
species for other small mammals and are considered a particularly sensitive receptor, particularly for
PCBs. Finally, sturgeon are tertiary consumers that feed on other fish. Several of these receptors were
included in a recent ecological risk assessment for the Columbia Slough and, information on ingestion
rates and TRVs may be easily obtained.

Body Weights and Ingestion Rates. General information on ingestion rates and body weights is
available for each of the indicator species proposed above. In addition, regional information will be
obtained from recently completed ecological risk assessments for contaminated sediment sites in the
Pacific Northwest. Species for which regional information has not been recently summarized, body
weight and ingestion rate distributions, will be obtained from EPA's Wildlife Exposure Factors Handbook
(EPA 1993d), USGS databases (e.g., BEST), and other available literature (e.g., Dunning 1993, McVey
1995). Probability distributions will be constructed to reflect the natural variability of these variables
among individuals within the receptor population.

Toxicity Reference Values (TRVs). TRVs will be obtained from literature used to derive the oral
dose benchmarks proposed by Oak Ridge National Laboratory (Sample et al., 1996), other state and

federal databases (e.g., CALECOTOX), Great Lakes research (Heaton et al. 1995, Tillitt et al. 1996,
Summer et al. 1996ab), and other scientific reports. For each receptor species and chemical, a number
of TRVs may exist that have been developed from studies with similar designs. Each TRV estimate is
affected by many sources of uncertainty, such as measurement error in the true dose concentration,
estimation error in the final value predicted from the dose-response model, and natural variability in the
sensitivity of the individual receptor animals included in the study. Incorporating these through the use of

a distribution of TRVs, rather than a single point value, allows for a more thorough risk evaluation and for
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the understanding of how this uncertainty and variability affects the predicted TTL. TRV distributions will
be developed for LOAELs (for estimating risk of population level impacts) and NOAELs (for risk to
ndividuals of protected species). If insufficient data is available to generate a distribution of TRV values,
then both the mean and a reasonable lower bound will be used in separate model evaluations.

PCB concentrations will be evaluated using two approaches. First, TRVs for total PCB concentrations
based on measured aroclor concentrations will be used to calculate a total PCB TTL value. In addition,
TTLs for coplanar PCBs as well as 'dioxins/furans will be calculated in TCDD toxic equivalent (TEQ) units.
The coplanar PCB congeners are non-ortho-substituted PCB congeners and include PCB 77, 81, 126,
and 169. Toxicity equivalency factors (TEF) values for mammalian receptors, avian receptors, and fish
will be selected to calculate the TEC values for the coplanar congeners (Table 14). In order support this
approach, at least some PCB analyses in fish tissue will need to be conducted for coplanar PCB
congeners in addition to aroclors.

Table 14. PCB Toxicity Equivalency Factors for Wildlife and Fish Receptors

Congener

002

012

035

037

066

070

077

078

079

080

081

105

110

114

118

122

123

126

127

128

138

139
156
157

167

169
170

Mammals (a)
na
na
na
na
na
na

0.0001
na
na
na

0 0001
00001

na
0.0005
0.0001

na
0.0001

0.1
na
na
na
na

0.0005
0.0005

0.00001

0.01

na

Birds (b)

0.00001

0.0008

0.0007

0.0004

0.002

0.0004

0.03

0.0001

0.004

0.00008

0.2

0.005

0.00005

na
0.001

0.00002
na
0.3

0.005
0.001
0.001

0.0006

0.001
0.002

0.002

0.02

0.0002

Fish (c)

Na
Na
Na
Na
Na
Na

0.00016
Na
Na
Na
Na

<0.00007
Na
Na

<0.00007

Na
Na

0.005

Na

Na
Na
Na
Na
Na
Na
Na
Na
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180

189

na
00001

0.0002

na
Na
Na

TRVs are not directly available for most wildlife species of interest and must be extrapolated from
laboratory species. For birds, most data are available for ducks, chickens, or quail and preference will be
given to studies in which the birds were fed fish tissues, such as Summer et al (1996ab). Overall dose-
response information is valid regardless of the food source used. Similarly, for mammals, data are
generally available for mice, rats, rabbits, dogs, and mink. Uncertainty factors will be used to account for
interspecies differences and conversion factors used to extrapolate to chronic doses from acute or
subchronic data both recommended by EPA (1997c). Recently completed ecological risk assessments
conducted for contaminated sediment sites in the region and approved by DEQ or EPA will be reviewed
to compile as much information as possible since a limited amount of information is available on wildlife
benchmarks.

Method of Calculation. A probabilistic approach will be used for calculating TTLs for birds and
mammals if sufficient data are available to estimate the distributions for body weights, ingestion rates,
and TRVs. This will be done in order to better portray the uncertainties in wildlife risk analysis and assist
in choosing a TTL that is protective of a range of wildlife, including the most sensitive. The distributions of
each of these parameters will be used to calculate a single overall distribution for the TTL using Monte
Carlo techniques, which provide a simple method for estimating distributions of model predictions, when
inputs are represented as probability distributions rather than as single point values. The simplest form of
Monte Carlo analysis involves iterations of random sampling from the distributions such that each draw
constitutes a single realization of possible values for these input variables. The method can
accommodate dependence between input variables if needed. A single prediction from the model is
generated for each set of input variables drawn. After many iterative draws (e.g., 10,000), a distribution of
model predictions is generated Different forms of probability sampling can be used to reduce the number
of iterative draws needed to develop a stable output distribution, which is critical when the extremes of
the output distribution (TTL values), are of primary interest.

The regulatory limit will be set at the 10th percentile of the TTL distribution, and is the trigger level at
which regulatory action is initiated. Tissue concentrations in prey items that exceed the regulatory limit
are considered to introduce unacceptable risks to the receptor population. The TTL10 is the expected
tissue concentration in a receptor's total diet that results in a 90 percent probability of the receptor
consuming an acceptable dosage for a particular contaminant.

If samples are submitted to the laboratory analogous to how they are consumed by the receptor, in
the form of whole body composites, then the total concentration in the composite sample will approximate
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the dietary concentration for the receptor. A population average of these composite results will be used
for comparison to the regulatory limit, and an exceedance will indicate excessive risk from the AOC fish or
shellfish population. Since the regulatory limit represents a theoretical constant or sustained dietary
concentration, individual fish samples are inappropriate to use for measuring compliance. A single day's
total dosage below the TRV could be produced from a single fish sample that exceeds the regulatory limit
but is diluted by concentrations well below the regulatory limit in several other fish samples. Similarly, a
single day's dose that exceeds the regulatory limit could be diluted by several subsequent days of
dosages that are below the regulatory limit, resulting in a long-term average concentration that does not
exceed the TRV.

Although TTLs will be calculated on a chemical-specific basis, comparison of fish tissue data to TTLs
will use a hazard index approach to account for the potential combined effects of multiple chemicals.
TTLs for chemicals with similar modes of action and target organs will then be adjusted downward, if
necessary, on an AOC-wide basis to ensure that overall hazard indices are less than one.

4.1.6.2.3. Tissue Screening Concentrations

TSCs are concentrations in fish above which adverse effects are expected in the fish, rather than
consumers eating the fish. These concentrations are calculated using tissue-residue-effects data, derived
from studies that measure chemical concentrations in organisms at the same time that adverse effects
are observed. Tissue-residue-effects data will be obtained from compiled databases (e.g., ERED,
Jarvinen and Ankley 1998), literature for freshwater and marine fish and invertebrates, and the papers
and reports in which the data were first presented.

Data Compilation. Many of the types of effects caused by the proposed chemicals of concern are
very generalized, and should not be affected by whether the organism is a marine or freshwater fish or
invertebrate species. The effect of chemicals in the body of the organism is not expected to be affected
by the salinity of the external water. Any differences between freshwater and marine species that could
exist may be less than species differences within the habitat type and other factors, such as age and sex
of the fish. Combining these types of data can provide a larger database upon which to base criteria. The
methods that will be used to determine whether or not to combine data sets are described in the following
section.

The distribution of values in the marine data will be tested for each individual chemical to ensure that
their inclusion is not biasing the freshwater data set. A minimum data set of 10 values will be necessary in
order to use this method for deriving a TSC. If the data set contains less than 10 values, then the
alternative approaches described in Section 4.2.5 will be considered.

Tissue-residue-effects data for marine and freshwater benthic invertebrates may be added, as TSCs
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are generally derived using both trophic levels (Shepard, 1998) and commonly used in laboratory tests as

a surrogate for bioaccumulation to a variety of benthic and pelagic fish species. The distribution of the
invertebrate data will be tested for each individual chemical to ensure that their inclusion is not biasing the
fish data set. If the invertebrate data are representative of ecologically relevant invertebrate species in the
AOC, and they appear to be more sensitive to the effects of a contaminant of concern, then the data will
be considered for inclusion in the fish data set, even if it fails the statistical evaluation.

The distribution of data for marine fish and invertebrate species will each be tested on a chemical-by-
chemical basis to ensure that its inclusion is not biasing the freshwater result. The Smirnov test
(sometimes called the Kolmogorov-Smirnov two-sample test; Conover, 1980) is a nonparametric
procedure for testing whether two samples came from equivalent distributions. This type of test is more
appropriate than testing for differences between means, since the data compilations are concerned with
any differences between the underlying populations, particularly with differences in extreme values.

If the sample size in the distribution to be tested against the freshwater fish distribution is less than
five, the comparison will be made using prediction intervals. A 90 percent prediction interval can be
constructed for the freshwater fish distribution so that there is 90 percent probability that the interval will
contain k future observations from the same distribution. Thus, if any of the k observations from the test
distribution lie outside of this interval, it is unlikely that the two samples came from the same distribution.

Endpoints. Endpoints used for calculation of criteria will include effects that are reasonably likely to
affect a population, including mortality, reduced growth, and reproductive effects. A list of acceptable
endpoints will be identified for each contaminant of concern prior to reviewing the literature to compile the
tissue effects data set. For dioxins, maternal transfer of contaminants in lipid tissue to eggs will be
considered, as described by EPA (1993b).

Calculation Methods. If more than one data point is available for a particular effect in a given
species, the geometric mean or median of the available data will be used to represent that effect. For
organic chemicals, the data will be evaluated to determine whether or not lipid normalization is
appropriate for each chemical. If the variability in the data set is increased as a result of lipid
normalization, then the data will be analyzed on a dry-weight basis. A wide range of methods has been
used to measure lipid content in tissues and results can be variable. For example, EPA (1980) reported
that using different solvents resulted in lipid values that varied over three orders of magnitude.

Data will also be normalized to a single endpoint, such as LOAEL using conversion factors provided
by EPA (1997c), in cases where both NOAELs and LOAELs are not provided in the study results. For
general fish populations, both acute and chronic LOAEL data will be sorted in order of increasing
concentration, and the 10th percentile of the data set will be selected as the criterion whose value would
be protective of 90 percent of the species represented in the database.
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Threatened and endangered fish populations, such as juvenile salmonids, will be classified as
species of special concern, including Chinook salmon, coho salmon, steelhead and sea-run cutthroat. For
these species, only chronic LOAEL data will be considered for calculating the criterion. Therefore, the
chronic LOAEL data will be sorted in order of increasing concentration and the 10th percentile of the data
set will be selected as the criterion for species of concern.

Alternative Approaches. For some chemicals, not enough data may exist to calculate an effects-
based tissue guideline using the method described above. In these cases, two options are available.
First, DEQ may decide to use data from one or more of the available studies to set the criterion value,
based on professional judgment with appropriate documentation. Alternatively, for chemicals of lesser
concern in the AOC, the narcosis approach (described in detail below) may be used to assess the
combined impacts of chemicals for which criteria cannot be developed.

Narcosis is a form of toxicity resulting from the presence of foreign molecules in hydrophobic or lipid
tissues that depress and disrupt various cellular functions (Abernathy et al., 1988; Franks and Lieb,
1978). Researchers have found that narcotic effects occur at similar tissue concentrations in a wide
variety of aquatic receptors (Abernathy et al., 1988; McCarty and Mackay, 1993; McCarty, 1991; ERA,
1988a)and are not dependent on the specific lipophilic chemical or chemicals present (Call et al., 1985).
Studies (Ferguson, 1939; McGowan, 1952; Hermens et al., 1984; Hermens et al., 1985a,b; Deneer et al.,
1988) have demonstrated that the narcotic effect is instead related to the total number of foreign
molecules present, and therefore effects in tissue can be predicted from the total molar concentration of
contaminants in the tissue. This approach can be used for individual organic chemicals or for mixtures of
organic chemicals, such as petroleum hydrocarbons or pulp mill effluents. The use of this approach
requires the following assumptions: the toxicity of the individual compounds is additive, all the compounds
in the mixture are present at concentrations below their threshold for specific toxic action, and the whole
body mixture concentration is proportional to the concentration at the toxic site of action. Because
narcosis represents a general disruption of basic cellular functions that are essentially the same in all
living organisms (microorganisms, invertebrates, fish, mammals, humans), the endpoint is applicable to
any freshwater or marine aquatic receptor. Researchers have found that narcotic effects occur at similar
tissue concentrations in a wide variety of aquatic receptors (Abernathy et al., 1988; McCarty and Mackay,
1993; McCarty, 1991; ERA, 1988a).

In aquatic receptors, narcosis is manifested in various ways, including immobility, loss of equilibrium
in fish, and mortality (McCarty et al., 1992; Rogerson et al., 1983; Bobra et al., 1985; Mackay and
Hughes, 1984). These different manifestations are not different endpoints, but can be thought of as a
continuum of increasing responses to cellular dysfunction and shutdown. The narcotic effects associated
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with relatively water-soluble chemicals may be reversible since these chemicals partition out of the lipid in
tissues over time and, therefore, are primarily acute. Narcotic effects associated with highly lipophilic
compounds will occur on a chronic basis since these chemicals will remain in the lipid in tissues over long
periods of time and effects will be relatively irreversible. These effects are clearly related to population-
level impacts, as they affect the ability of the organism to perform day-to-day functions, such as foraging,
predator avoidance, and reproduction, and may result in mortality. Moreover, onset of narcosis effects
would be expected at similar exposure concentrations for any member of an exposed assemblage of
organisms, regardless of its taxonomic or community status.

The narcosis approach will be used to derive a single TSC to assess chemicals that are measured in
fish tissue, but for which tissue guidelines are not available. Under this method, non-polar organic

chemicals that are analyzed and detected will be converted to their molar concentration and added
together. The total molar concentration of the detected chemicals will be compared to the narcosis-based
critical body residue (CBR) to determine whether additive effects may be occurring from these chemicals.
If an exceedance of the CBR is found, the chemicals with the greatest contribution will be addressed
further as part of the site-specific bioaccumulation assessments, in the same manner as other chemicals
that may exceed chemical-specific TSCs or TTLs, In addition, the narcosis approach could be used on a
site-specific basis to assess areas that may be heavily contaminated with petroleum to evaluate the
combined impacts of aliphatic and aromatic fractions that may be present in sediments or groundwater
discharging to the river.

For individual chemicals or mixtures, the tissue criterion is calculated according to the following
formula:

TSC = CBRi-MW

Where: TSC Tissue screening concentration (mg/kg lipid)
CBR| Lipid-normalized critical body residue (mmol/kg lipid)

MW Molecular weight of chemical or representative molecular weight of the mixture
(g/mol = mg/mmol)

Much of the literature is reported as whole-body CBRs at which acute mortality is observed. However,
lipid content is generally also reported, allowing calculation of lipid-normalized CBRs. The whole body
acute CBR is reported to range from approximately 2 to 8 mmol/kg wet tissue (McCarty and Mackay,
1993; McCarty, 1991; van Hoogan and Opperhuizen, 1998; Carlson and Kosian, 1987; McKim and
Schmieder, 1991). Lipid-normalization of these values (using actual lipid data provided in the references),
along with additional lipid-normalized values in the literature (Abernathy et al., 1998; van Wezel et al.,
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1995), produces a range of lipid-normalized acute CBRs of 30 to 200 mmol/kg-lipid.

Fewer data are available on chronic CBRs, and none are lipid-normalized. Whole-body chronic CBRs
are reported in McCarty and Mackay (1993), Donkin et al. (1989), Carlson and Kosian (1987), Borgmann
et al. (1990), Mayer et al. (1977), Mauck et al. (1978) and Opperhuizen and Schrap (1988), producing a
range of 0.2 to 0.8 mmol/kg (wet tissue). Dividing by a typical lipid content of 5 percent (McCarty et al.,
1992; Mackay, 1982) yields a chronic lipid-normalized CBR of 4 to 16 mmol/kg-lipid. An empirically
derived acute/chronic ratio of about 10 for narcosis endpoints has been reported by a number of
researchers for a wide variety of organisms (Abernathy et al. 1988; McCarty, 1986; Calletal., 1985).

The acute/chronic ratio can also be applied to the acute lipid-normalized CBR range to obtain chronic
lipid-normalized CBRs of 3 to 20 mmol/kg-lipid, comparable to the measured range reported above.
NOELs are somewhat lower than these values; chronic lipid-normalized NOAELs are reported in Van
Loon et al. (1997) to range between 0.5 and 5 mmol/kg lipid. Consistent with other endpoints, the 10th

percentile of the chronic distribution will be selected as the regulatory endpoint.

4.1.7. Supplemental SQG Development Data Collection

In addition, to support SQG development, a limited number of sediment samples for chemical
analysis and toxicity testing will be collected from areas of known contamination in the AOC. These will
include samples from (1) areas with high petroleum contamination (noncreosote) for tests with Hyalella
azteca; (2) areas with high levels of metals and PAHs for tests with Chironomus tentans; and (3) areas
with high levels of PCBs, pesticides, phenols, and phthalates for tests with H. azteca and C. tentans and
Microtox. Areas with higher concentrations of contaminants are being targeted to fill data gaps in the
concentration distributions for these chemicals; a sufficient number of samples with undetected or low
concentrations of these chemicals already exist. The higher-concentration samples are critical to reducing
uncertainty in the development of SQGs, as they will assist in more accurately identifying concentrations
associated with adverse effects. The number of such samples and their exact locations will be determined
during preliminary SQG development in Phase 1.

4.1.8. Sediment Trend Analysis

The purpose of this section is to map in detail the sediment types present in the river, and to
determine their transport pathways and dynamic behavior using a technique known as sediment trend
analysis (STA®). This information will be correlated with present levels of contaminants and used to derive
effective remediation strategies.

STA® is a technique whereby the relative change in grain size distribution of bottom sediments is

4.1.8.1. Technique Overview

s a technique whereby the
used to determine the patterns of net sediment transport and the dynamic behavior of the bottom
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sediments. Its advantages are (1) the sediments themselves contain the necessary information; therefore

no prior assumptions need to be made; (2) the data are easily and cheaply obtained; and (3) the
database required, and the results obtained, can provide the basis for many other environmental
management decisions, such as benthic habitat issues, dredging, and dredged material disposal. The
use of assumptions, even backed with specific field measurements, is a frequent difficulty encountered in
numerical modeling. For this reason, STA® is particularly useful in determining the probable processes
responsible for net sediment transport and both directing and validating numerical models. A model's
application as a predictive tool can only be verified when it can be shown to accurately portray the
present sediment transport environment. STA® is being used more frequently as a means to ensure that
numerical models are working effectively.

STA® was invented and developed by GeoSea. The published theory (McLaren and Bowles, 1985)
relates sediments in a given transport direction by a sediment transfer function, X(s), so that d (s) =

d^sjXfs) where d^s) and d2(s) are grain size distributions of any two samples and 's' is grain size in phi

units. Depending on the shape of X(s), the function that describes the relative probability of any particular
size being moved (i.e., eroded, transported, and deposited), d2(s) may become finer, better sorted and

more negatively skewed, or coarser, better sorted and more positively skewed than d^s). Either

relationship between djs) and d2(s) suggests that transport is occurring in the direction defined by the

location of the two samples.

The shape of X(s) also determines the nature of the processes resulting in transport and provides the
interpretation with respect to erosion, deposition, or dynamic equilibrium. Directions of transport are
determined statistically, based on the numbers of specific grain size trends exceeding random probability
over the sampled area. Patterns of net sediment transport are determined over two dimensions by
exploring for sample sequences that produce statistically acceptable trends. A final interpretation is
accepted only when all, or nearly all, of the samples are contained in mutually supporting sequences that
produce a coherent pattern over the entire study area. Separate trend analyses are undertaken on the
different fades that may be present, such as mud, sand, or sandy mud.

The relationships between contaminants and dynamic behavior of the sediments (McLaren, 1987;
McLaren et al., 1993) are described as follows:

1. Given a greater surface area and more sites available for adsorption, contaminants have a
greater association with fine sediment (silt and clay) than with coarse sediment (sand)

2. Sediments in dynamic equilibrium show no relationship between contaminant concentrations and

distance along a transport path
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3. In environments undergoing net accretion, there is a
concentrations along the transport path
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general linear increase of contaminant

4. Contaminant loadings decrease rapidly with net erosion; contaminant monitoring in such an
environment will not provide useful results

5. In environments of total deposition (1), contaminants are
be associated with a specific source

found as localized highs that can usually

When the X-distribution is horizontal, (total deposition [II]), all particles, whether contaminated or not,
have an equal probability of deposition. There is not, therefore,
contaminants, and more or less equal concentrations are
environment.

4.1.8.2. Technical Work Plan

4.1.8.2.1. Data Requirements

The essential data required for STA® are the complete

any preferred area for the deposition of
to be expected throughout such an

grain size distributions of the bottom
sediments. Because the Willamette River is tidally influenced from its junction with the Columbia River to
Willamette Falls, a distance of about 28 miles, it is extremely important for the STA® to encompass all
possible environments influencing the sediment transport regime. Thus, sampling will include 4 miles of
the Columbia River (2 miles both up and down stream of the confluence of the two rivers), a mile down

1

1

the Multnomah Channel, and up all navigable tributaries, such as the Clackamas River. In this way, the
sample design will ensure coverage of all contaminant sources,
the immediate AOC.

as well as to assessing transport outside

Sampling will be carried out on a hexagonal grid with a 200 m spacing in the river reaches to the

1

1

1

1

1

1

1

1

north and south of the AOC. Because the level of detail that is desirable in the AOC, the sample spacing
will be reduced to 150 m spacing. The total number of samples required is approximately 850; typical for
most STA® projects, which have ranged from 250 to over 1,500 samples. The level of detail for the
transport pathways is two times the sample spacing. Thus, for
identified within a distance of 300 m.

4.1.8.2.2. Objectives

The specific objectives of the STA® include the following:

(1) Collect approximately 850 sediment-grab samples from

the AOC, transport environments can be

the riverbed of the Willamette River and
its associated environments from the Columbia River to Willamette Falls

(2) Analyze samples for complete grain size distribution and establish, using the technique of
sediment trends, the present patterns of transport, and areas of erosion, stability (dynamic
equilibrium), and deposition
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(3) Define specific transport environments based on sediment characteristics and their dynamic
behavior

(4) Correlate the derived patterns of transport with known processes and modeling studies
(5) Use the above findings to:

(i) Determine areas of contaminant buildup or dispersal in the environments encompassed
in the study area

(ii) Correlate the levels of contamination with sediment type and dynamic behavior
(iii) Predict the long-term fate of contaminants associated with the sediments
(iv) Suggest, if applicable, techniques to clean up areas of high contamination and the

associated environmental implications

(v) Devise a rational strategy for future environmental monitoring to ensure maximum
benefit for minimal costs

(vi) Advise, if applicable, on other management issues related to the movement of sediment
and contaminants, such as erosion, the effects of storm sewers and structures, and
dredging and dredge material disposal

4.1.8.2.3. Sample Collection

Samples will be collected from a suitable small vessel, preferably a hard-bottomed, inflatable
speedboat, equipped with a small winch, a Van-Veen-type grab sampler, and differential GPS. With such
equipment, a sampling rate of 40 samples per day should be achieved.

4.1.8.2.4. Sediment Analysis

All samples will be analyzed for their complete grain size distribution using a laser particle-sizer. This
instrument employs lenses of different focal lengths to look at portions of the total range of grain sizes
that may be present. The distributions, combined with sieve data for sizes >1,500 microns, will be merged
using a suitable algorithm. All distributions will be measured at V* phi class intervals and closure of the
tails must be less than 1 percent.

4.1.8.2.5. Work Program

A typical STA® is performed in the following steps:

(1) Start-up period—examine charts and relevant published and unpublished literature, finalize
the sampling program

(2) Field program
(3) Sample analyses
(4) Data examination, merging, and input to sediment trend programming
(5) Sediment trend analysis
(6) Correlate between the results of the STA® and contaminant levels
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(7) Consult with modelers agency
(8) Prepare final report

4.1.8.2.6. Product

The final product for STA® will include a report and all appropriate maps and tables.
contain:

(1) A summary of the theory and established methods employed in STA®
(2) An appendix, of all grain size data

DRAFT

The report will

(3) Sediment trend statistics for all lines of samples utilized to determine transport directions
(4) Discussion of the derived transport paths with fluvial processes and on-going

measurements
(5) Sequential maps in GIS format showing patterns of sediment transport, areas of

deposition or dynamic equilibrium, and transport environments
(6) Discussion of how contaminant concentrations relate to sediment type and

behavior
(7) Maps showing optimum sites for further contaminant monitoring

process

erosion,

dynamic

(8) Recommendations, based on all of the above, on remediation strategies to ensure minimal
environmental harm

4.2. Phase 2: Focused Investigations

Responsibility for development of detailed work plans and implementation of most of Phase 2 will lie
with the responsible parties. DEQ, or its contractors, will be responsible for developing detailed work
plans and implementing tasks relating to BSAF development and reference area selection.

4.2.1. Overview of Sampling Locations

Samples will be collected from four general locations: (1) comparison areas, (2) candidate reference
areas, (3) within the AOC itself, and (4) at specific sites. The AOC will be subdivided into twelve 0.5-mile
sub-areas, and then each sub-area further divided into four vertical strata: beach, shelf, slope, and
channel. A summary of the types of samples to be collected from each of these locations is provided in
Table 15.
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Table 15. Summary of Proposed Sediment-related Data Collection Activities

SAMPLE LOCATIONS
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AOC - Channel
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4.2.1.1. Comparison Areas

Comparison areas are needed to evaluate the degree of sediment and fish tissue contamination
relative to the AOC (i.e., gradient analysis), as well as to estimate transport and fate processes in the
lower Willamette River. Comparison area information will be used for several purposes:

• Samples from downstream (below RM 3.5) comparison areas will be used to evaluate whether
contamination originating in the AOC has migrated outside its current 6-mile boundaries

• Samples from upstream (above RM 9.5) comparison areas will be used to: (1) estimate sediment
loadings to the AOC as part of the fate and transport investigation, (2) determine whether
contaminated sediments are entering the AOC from other sources, and (3) estimate the extent to
which sediment concentrations in the AOC reflect watershed-wide concentrations.

• Samples from upstream comparison areas will be used to establish background concentrations of
naturally occurring inorganic and conventional analytes (per OAR 340-122-040[d]).

• Samples from all comparison areas will be used to determine the nature and extent of benthic
communities in the lower Willamette River in comparison to those in the AOC

Appropriate comparison areas will be established in the lower Willamette River from immediately
above Willamette Falls (RM 28) to its confluence with the Columbia River (RM 0), excluding the AOC
itself. The following 12 locations, presented in order from the farthest upstream location to the farthest
downstream location, have been selected as comparison areas: (1) RM 27, above Willamette Falls; (2)
RM 25.5, below Willamette Falls and upstream of the Clackamas River; (3) RM 23, downstream of the
Clackamas River; (4) RM 21.5, upstream of Oswego Creek; (5) RM 20, downstream of Oswego Creek
and upstream of Kellogg Creek; (6) RM 18, downstream of Kellogg Creek; (7) RM 15.5, in natural
deposition area near the Oaks Bottom area; (8) RM 15, near Ross Island; (9) RM 11.8, upstream of the
AOC at the end of the navigation channel; (10) RM 3.5, immediately downstream of the AOC and
upstream of Multnomah Channel; (11) RM 2, downstream of Multnomah Channel; (12) RM 0, at the
confluence with the Columbia River.

4.2.1.2. Candidate Reference Areas

Reference areas for the lower Willamette River are needed to support AOC-wide and sediment
investigations, as well as dredging projects, that include bioassays or benthic community studies.
Candidate reference areas in the Willamette and Columbia Rivers have been identified using the
following general criteria:

• Upstream, or far enough downstream that the area should be unaffected by sources within
Portland Harbor

• Away from other known point sources
• Grain size appropriate
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• Successful previous use for bioassays

Upstream areas within the Willamette River between Willamette Falls and Portland Harbor have not
been previously sampled or tested, so the above criteria could not all be applied. Each of the upstream
comparison areas described above will be considered as a possible reference area; these areas will be
sampled as candidate reference areas and compared to the reference area criteria once data are
available to determine their suitability. However, upstream sources within the Willamette River and
differences in grain size between upstream areas and the Harbor may limit the suitability of these areas
as reference areas.

Several areas within the Columbia River meet the above criteria and will be sampled as candidate
reference areas (Figures 6 and 7). The following areas are predominantly finer-grained backwater areas
that are similar to Portland Harbor in composition and also have nearby coarser-grained areas:

• RM 81, on the Washington side near Martin and Burke Islands
• Scappoose Bay, near RM 88
• Sloughs near Ridgfield NWR
• The backwater area behind Willow Bar, on the Oregon side at RM 95
• Across the river from Willow Bar, on the Washington side near Shillapoo Wildlife Recreation Area
• RM 120, on the Washington side behind Lady Island

• RM 124 on either side of the river, behind Gary, Flag, and Reed Islands

Specific candidate reference area sampling locations will be finalized after Phase 1 SPI results are
available.
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Figure PHRIWP-7. Columbia River Reference Area Locations (2)
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4.2.1.3. Area of Concern Stratification

The AOC currently includes the segment of the lower Willamette River extending from RM 3.5 to RM
9.5, excluding sites that will undergo site-specific remedial investigations. As noted above, the AOC is
subdivided into twelve 0.5-mile sub-areas, and each of these is stratified on the basis of depth (where
appropriate) as follows:

4.2.1.3.1. Beach

The beach stratum of the AOC includes all areas along the river easily accessible to humans that are
not otherwise encompassed by known sites, that is, between +15 feet mean lower low water (MLLW) and
-4 feet MLLW. These areas include recreational beaches and other points of access such as boat
launches, fishing spots, etc. Characterization of sediment contamination in these areas is necessary for
evaluation of Objective 2A-direct sediment contact and incidental sediment ingestion exposure scenarios
for humans.

4.2.1.3.2. Shelf

The shelf stratum of the AOC is the shallow subtidal area along each bank of the Willamette River,
extending out to the slope of the navigation channel, approximately between -4 feet MLLW and -20 feet
MLLW. The shelf is not dredged and is typically submerged even during low-flow conditions. Benthic
communities, fish (including bottom-feeding fish), and shellfish are most likely to be found in this stratum.
Humans and wildlife feeding on fish and shellfish will most often consume species living on the shelf.
Humans fishing, wading, or swimming in the river could contact shelf sediments in these shallow waters
of zero to 4 feet.

Portions of the shelf were extensively sampled by the ERA and DEQ sediment investigation, or are
included within known sites that will be sampled as part of site-specific remedial investigations. Thus,
additional characterization of the nature and extent of contamination on the shelf will only be performed
for portions of the shelf in the AOC that have not been adequately characterized in past investigations.

4.2.1.3.3. Slope

The slope stratum comprises the angled slope leading down from the shelf to the navigable channel
of the Willamette River, approximately between -20 feet MLLW and -40 feet MLLW. The slope area is
important because disturbance or natural settling may cause sediment from the slope to move into the
channel, potentially releasing or exposing contamination that may be present in the slope sediment. The
slopes may also be depositional areas in some portions of the AOC.

The nature and extent of sediment contamination in the slope has not yet been fully investigated.
Thus, additional characterization of the nature and extent of contamination on the slope will needed as
part of the AOC Rl.
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4.2.1.3.4. Channel

The channel stratum is the bottom of the federally maintained navigation channel that extends from
RM 0.0 to RM 11.8 and runs through the approximate center of the AOC, approximately between >40 feet

MLLW contours. The Corps of Engineers periodically dredges portions of the channel in order to
maintain the river as a navigable waterway, while other portions of the channel do not require dredging,
or are dredged infrequently. Therefore, these areas of surface sediment may contribute to overall AOC-
wide risks to the benthic community, fish, and consumers offish.

Contamination may also be present in subsurface sediments of the channel that could be exposed
through dredging operations. However, those subsurface sediments that are too deeply buried to be
exposed through normal sediment transport processes in the AOC are considered outside the scope of
this investigation, as they are not likely to contribute to environmental or human health risks. The Corps of
Engineers and local dredging sponsors will address any such sediment during dredged material
evaluation.

The nature and extent of contamination of surface and subsurface sediments in the channel has only
been minimally investigated. Thus, additional characterization of the nature and extent of surface
sediment contamination in the channel will needed as part of the AOC Rl.

4.2.2. Sediment Chemistry Data Collection

During Phase 2, sediment samples will be collected for chemical analysis to determine the nature and
extent of contamination in the AOC and comparison and candidate reference areas. These data will be
used in conjunction with other Rl data to determine the nature and extent of contamination, and for other
tasks associated with the human health and ecological risk assessments. As noted in Section 3.2.1.2, the
responsible parties, or their contractors, will prepare the detailed work plans necessary to accomplish this
sediment-chemistry-data collection task. However, the default sampling design presented in Appendix C
(Section 9.3) will be used to direct this work until such time as responsible parties propose an alternative
sampling design that meets the goals and objectives of the work plan and is acceptable to DEQ. This
default sampling design is based on a complete analysis of all SEDQUAL-qualified data available as of
January 2000 (see Appendix A, Section 9.1).

4.2.3. Bioassay Data Collection

During Phase 2, sediment toxicity tests, or bioassays, will be used to determine if sediment
contamination is adversely affecting benthic life and, if so, at what concentrations of contaminants. The
test results will be used to develop SQGs and confirm reference area selection. For these purposes,

samples for toxicity testing and chemical analysis must be taken at the same time and place.
Consequently, toxicity-testing samples will be collected from the comparison areas, reference areas, and
all AOC strata (except beach). As noted in Section 3.2.1.2, the responsible parties, or their contractors,
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will prepare the detailed work plans necessary to accomplish this sediment toxicity data collection task.
However, the default sampling design presented in Appendix D (Section 9.4) will be used to direct this
work until such time as responsible parties propose an alternative sampling design that meets the goals
and objectives of the work plan and is acceptable to DEQ. This default sampling design is based on a
complete analysis of all SEDQUAL-qualified data available as of January 2000 (see Appendix A, Section

9.1).

4.2.4. Fish and Shellfish Tissue Data Collection

During Phase 2, a variety of fish and shellfish will be collected to determine the nature and extent of
bioaccumulative contaminants in potential human and ecological receptor food items and in ecological
receptors, as well as to assess the health of the fish themselves. These data will be used in the following
manner:

• Concentrations of COIs in fish and shellfish tissue will be compared to human health TTLs to
determine if consumption offish could result in unacceptable human health risks

• Concentrations of COIs in fish and shellfish tissue will be compared to wildlife TTLs to determine
if consumption offish by birds and mammals could result in unacceptable ecological risks

• Concentrations of COIs in fish and shellfish tissue will be compared with TSCs to determine if
unacceptable ecological risks exist to the fish themselves.

As noted in Section 3.2.1.2, the responsible parties, or their contractors, will prepare the detailed work
plans necessary to accomplish this tissue data collection task. However, the default sampling design
presented in Appendix E (Section 9.5) will be used to direct this work until such time as responsible
parties propose an alternative sampling design that meets the goals and objectives of the work plan and
is acceptable to DEQ. This default sampling design is based on a complete analysis of all SEDQUAL-
qualified data available as of January 2000 (see Appendix A, Section 9.1).

4.2.5. Biota-Sediment Accumulation Function Development

DEQ, or its contractors, will be responsible for conducting this specific Phase 2 task, including
preparation of any necessary detailed work plans. Following the AOC-wide investigation, both fish tissue
and sediment data will be available for the AOC and comparison areas. If TTLs or TSCs are exceeded,
bioaccumulation-based RAOs for sediments will need to be calculated. The relationship between tissue
concentrations and sediment concentrations is known as the biota-sediment accumulation function . The
BSAF is calculated as a regression of tissue-sediment concentration data pairs. This regression equation
is then used to derive protective sediment concentrations, or RAOs, from the AOC-wide TTLs and TSCs.

As part of the sediment investigation, AOC-wide BSAFs will be developed and used to calculate
default bioaccumulation-based RAOs for use at sites with bioaccumulative COPCs. However, AOC-wide
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calculation of BSAFs may or may not be possible for all chemicals, due to a variety of complicating factors
described below. If AOC-wide BSAFs are not available for all COPCs at a particular site, or if the
responsible party prefers to calculate site-specific BSAFs, then site-specific tissue and sediment data may
be used to calculate the BSAF and associated sediment RAOs. Methods are described below for
development of both site-specific and AOC-wide BSAFs.

4.2.5.1. Regression Methods

Because of the heterogeneity of sediment and tissue data, particularly in field-collected organisms,

BSAFs will not be calculated as a simple ratio of point estimates or single-value statistics that represent a
distribution. For additional discussion of this issue, in-depth reports are available on BSAFs prepared for
the Washington Department of Ecology (PTI, 1995; Exponent, 1998a). Instead, a regression function will

be calculated from pairs of sediment and tissue data.

Initially, a linear regression will be assumed. However, to obtain a linear regression, it may be
necessary to perform separate regressions for individual species, for high and low concentration areas,
and for different age fish. In addition, fish may be experiencing exposure to chemicals through other
sources, such as water or food, or a time lag may exist between concentrations in fish tissue and
changing concentrations in sediments. In these cases, the regression may not pass through the origin,
and the relationship between sediment and tissue concentrations may not be linear. Methods for
calculating nonlinear and multiple linear regressions are reviewed in Exponent (1998a), and may be
applied if necessary.

4.2.5.2. Data Pairs for Species with a Limited Home Range

Tissue-sediment data pairs for regression analysis will be obtained in one of two ways, depending on
the mobility of the species. For benthic organisms or shellfish that are immobile or have a restricted home
range, tissue data at individual station locations will be paired with sediment chemistry data from the point
of collection. Site-specific tissue-sediment data pairs can be developed using species with a limited home
range, or from laboratory bioaccumulation studies using benthic organisms or fish. However, laboratory

bioaccumulation tests must be of sufficient duration for chemical concentrations in tissues to have
reached equilibrium. For some chemicals of concern, such as dioxins or PCBs, 45- or 60-day
bioaccumulation studies may need to be conducted for this purpose.

4.2.5.3. Data Pairs for Mobile Fish

Obtaining tissue-sediment data pairs for field-collected fish is more problematic. To ensure that the
sediment concentration used is representative of the area the fish has been exposed to, the sediment
concentration should ideally be an area-weighted average over the species' entire home range. To
calculate the area-weighted sediment concentration, the species' home range will first be determined or
estimated Following Phase 1 of the Rl, fish and shellfish species for collection during Phase 2 will be
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finalized, based on the results of the human and ecological use surveys. Simultaneously with the Phase 2
field studies, literature will be reviewed to determine the best possible estimate of each species' home
range, taking into account habitat preferences and availability. For many widely ranging fish species, the
entire lower Willamette River may be considered the home range.

For anadromous fish, an approach based on the home range is not applicable, since these fish range
from headwaters upstream to the open ocean throughout their life, and it is unknown what percentage of
their exposure is received from the lower estuary. In such cases, in situ or laboratory bioaccumulation
tests must be conducted to derive tissue-sediment data pairs, as described above.

The area-weighted sediment concentration within the selected area can be calculated as follows:

A

Where: AWC = area-weighted concentration
SQ = sediment concentration associated with station i
A, = area associated with station i
A = total area within home range

A, is defined as the area around a station that is closer to that station than any other station, and can
be determined using a GIS or other mapping tool by drawing a Thiessen polygon around the station and
determining the area within the polygon (Ecology, 1991). A recent example of the use of this approach to
calculate a site-specific BSAF can be found in the Whatcom Waterway Remedial Investigation Report
(Hart Crowser, 1998). At this site, species-specific regressions were calculated for mercury in fish and
Dungeness crab to derive a sediment cleanup standard protective of human health.

4.2.5.4. Selection and Application of the BSAF

In some cases, multiple regressions may be obtained for different species, regressions may not be
possible to derive for some species, or only point estimates will be available. In these cases, an
"envelope" relationship can be derived that encompasses, and is protective of, all the regressions and
point estimates for the various species in the AOC. The data for different species are placed on a single
graph, and a line drawn that provides a relationship for the BSAF that is at least as protective as each of
the individual regressions or point estimates. BSAFs will only be derived for species whose tissue
concentrations exceed TTLs or TSCs, and a single BSAF will be selected for each chemical that is
protective of all of these species.

Once the BSAF relationship has been derived, it will be applied to the AOC-wide TTLs and TSCs to

derive default AOC-wide sediment RAOs for bioaccumulative contaminants of concern (BCOCs). The
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default RAOs can be used by individual sites where these BCOCs are present in lieu of bioaccumulation
testing or risk assessment. Alternatively, individual sites may use one or more of the methods described
above to establish a site-specific BSAF. These site-specific BSAFs could also be applied to the AOC-
wide TTLs and TSCs to derive site-specific RAOs for the BCOCs at that site. For some chemicals, it may
not be possible to derive AOC-wide BSAFs and RAOs, if site-specific factors strongly influence
bioavailability such that a good regression cannot be obtained. For these chemicals, site-specific
bioaccumulation testing and development of a BSAF may be necessary.

4.2.6. Reference Area Selection

DEQ, or its contractors, will be responsible for conducting this specific Phase 2 task, including
preparation of any necessary detailed work plans. Once the benthic, bioassay, and chemistry data are
available from Phase 2, the candidate reference areas will be evaluated and the final areas selected for
use in the cleanup and dredging programs. Reference areas will be divided into three grain size regimes:
fine (>70 percent fines), medium (30 to 70 percent fines), and coarse-grained (<30 percent fines). At least
two, and preferably three to four, reference areas will be selected and mapped for each grain size
category, and coordinates provided for use in future sampling.

Candidate reference areas will be required to meet the following guidelines:

• Bioassay results must consistently meet reference area performance standards, as described in
the quality assurance plan; this is the primary reference area criterion

• Chemical concentrations should not exceed SQGs, once established; ideally, metals
concentrations should fall within regional background concentrations, and most organic
compounds should be undetected, with the exception of a few globally distributed chemicals,
such as low-level PAHs and dioxins

• No known point sources should influence sediment concentrations
• If the area is to be used for benthic community comparisons, factors affecting the benthic

community such as TOC, grain size, water depth, level of disturbance, ammonia/sulfides, and
redox conditions should be similar to those in the AOC; benthic reference areas may need to be
further stratified on the basis of habitat variables other than grain size

• The grain size regime at the site should be relatively stable, not changing seasonally or otherwise
in a state of flux, so that the area can be consistently used over a long period of time

• The reference area should be located away from anthropogenic disturbances that might change
the grain size, introduce contaminants, or interfere with sampling activities

• The area should be reasonably close to the AOC and present no unusual sampling difficulties

Once reference areas are established, their performance will be monitored over time to ensure that

they continue to meet the above criteria. To maximize potential for successful biological tests, future
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sampling should use one or more of the established reference areas. However, studies conducted in the
interim using other reference areas are still considered to be fully valid as long as the samples meet
performance criteria established for the biological tests being conducted.

4.3. Phase 3: Additional Investigations

Phase 3 is largely undefined at present, but is included to allow for additional work as needed to
identify sources, reduce uncertainties in the risk assessment, and address concerns raised by
stakeholders, federal regulators, or natural resource trustees. Scopes of work and detailed work plans for
Phase 3 will be created by the responsible parties.

4.4. Multi-phase Investigations

Two investigations that are expected to extend over all three phases of the Rl because of complexity
and existing data gaps are the use of modeling for sediment fate and transport analysis, and the
examination of the effects of metabolized contaminants on salmonids. Although elements of these
investigations are proposed for specific phases, the discussion of these investigations is consolidated to
make the scope of the proposed work easier to understand. The responsible parties will write detailed
work plans for, as well as implement, all multi-phase tasks (see salmonid-specific investigations [Section
4.4.1] and sediment transport and fate modeling [Section 4.4.2]), with DEQ oversight. Note that the
continuation of either of these tasks over multiple phases is contingent upon the results of earlier phases
and that work may be terminated depending on these results.

4.4.1. Salmonid-Specific Investigations

As noted in Sections 2.5.2 and 3.1.5, assessing risks to salmonids from exposure to metabolized
contaminants (specifically PAHs) will require that a focused investigation be conducted in several steps.
This section discusses the steps in this process that have not been addressed elsewhere in the work
plan.

4.4.1.1. Salmonid Populations in the Willamette River

The lower Willamette River upstream to Willamette Falls (RM 27) provides a juvenile and adult
migratory corridor and juvenile rearing habitat for several anadromous fish species. A run of Chinook
salmon, coho salmon, and two runs of steelhead occur in the area. In general, Chinook and steelhead
populations are the largest and most widespread of the salmonids found in the Willamette River basin.
Cutthroat trout are also present in the Willamette River, but their abundance is low (Bennett and Foster,
1991, Nander personal communication, 2000).

Several of the anadromous fish runs considered evolutionary significant units (ESU) in the area are
either listed or proposed for listing under the ESA (50 CFR 17.11 and 17.12). A threatened species is
one that is likely to become endangered within the foreseeable future. Steelhead from Willamette River
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tributaries downstream of Willamette Falls are included in the lower Columbia River ESU, listed as a
threatened species in March 1998. Steelhead from Willamette River tributaries upstream of Willamette
Falls are included in the Upper Willamette ESU, listed as a threatened species in March 1999. Spring
Chinook salmon from Willamette River tributaries downstream of Willamette Falls are included in the
Lower Columbia River ESU, listed as a threatened species in March 1999. Spring chinook salmon from

Willamette River tributaries upstream of Willamette Falls are included in the Upper Willamette River ESU,

listed as a threatened species in March 1999. Coho salmon from Willamette River tributaries downstream
of Willamette Falls are included in the Lower Columbia River ESU, a candidate species for listing. Sea-
run cutthroat in the Willamette River tributaries downstream of Willamette Falls are included in the
Southwestern Washington and Columbia River ESU, proposed for listing as a threatened species in
March 1999. Final listing determinations for proposed species are expected in April 2000.

Over 3 million juvenile chinook salmon are released annually into the Willamette River basin by at
least nine hatcheries located on tributaries. Major hatcheries or release points are present on the
mainstem Willamette River, Middle Fork Willamette River, Mackenzie River, North and South Fork

Santiam Rivers, Clackamas River, and Molalla River. Hatchery practices include the release of about
one-quarter to one-third of the annual production as subyearlings in October and November and two-
thirds as yearlings (smolts) in February and March. Lower numbers of much smaller fingerlings may also
be released in June (Table 16) Fingerlings and subyearlings are released into streams for further rearing
before outmigrating. Released juveniles range in size from 6 to 65 grams per fish with three general size
ranges, representing the three major age classes of juveniles: 6- to 7-gram fingerlings, 38- to 40-gram
sub-yearlings, and 50- to 55-gram yearlings. Juveniles outmigrate to the ocean during the spring; thus,
subyearlings spend up to 6 months in the river before outmigrating, while the yearling smolts spend from
less than 1 month to 3 months in the river.

Five of the seven rivers that were planted in 1999 received the bulk of spring chinook juveniles. The
McKenzie, Clackamas, Middle Fork Willamette, and North and South Fork Santiam rivers each received
between 550,000 and 1 million chinook salmon juveniles in 1999. The mainstem Willamette and the
Molalla rivers each received small plants of fewer than 100,000 fish (Table 16).

Table 16. 1999 - Spring Chinook Salmon Plant (thousands)
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_____________________________Month_________________________
RIVER JAN FEE MAR APR MAY JUNE JULY AUG SEPT Ocr Nov DEC

PLANTED
McKenzie

River

Clackamas
River

Willamette
River

Willamette
River

Middle Fork

Santiam River
North Fork

Santiam River
South Fork

Molalla River

364

422 186

246

517

489

295 412

91

189

61

252

61

303

Monthly
Totals

1081 1695 189 303 620

RIVER
TOTAL

610

608

61

958

550

1010

91

3888

Three general size ranges:

Source: ODFW2000

50 - 55 grams (Yearlings)
38 - 40 grams (Sub-yearlings)
6-7 grams (Fingerlings)

4.4.1.2. Phase 1: Identification of Salmonid Habitat, Determination of Salmonid Residence Times,
and PAH Content of Salmonid Gut Contents

4.4.1.2.1. Salmonid habitat preference, and determination of transit residence time

The behavior of juvenile Pacific salmon (Oncorhynchus spp.) during their downstream migration to
freshwater rearing areas and saltwater nursery areas has been described extensively by McDonald
(1960). In an attempt to establish the effects of development along the lower Willamette River (RM 0 to
27) on migrating anadromous salmonids, ODFW has focused considerable efforts on documenting the
following: (1) seasonal timing and duration of migration through the lower Willamette, (2) behavior of
juvenile salmonids near AOC developments, (3) habitat utilization during migration, and (4) different
levels of predation by northern pikeminnow on juvenile salmonids among AOC developments. Studies on
radio-tagged steelhead (O. mykiss), coho salmon (O. kisutch), and fall (subyearling) and spring (yearling)
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races of Chinook salmon (O. tshawytscha) were conducted from 1987 to 1989, and are described in
Knutsen and Ward (1991), Ward et al. (1992), and Ward et al. (1994). The major findings of this research
are summarized below.

Abundance of juvenile salmonids in the AOC peaked shortly after upstream hatchery releases.
Yearling Chinook salmon occurrence peaked in late March, sub-yearling chinook peaked by mid-May,
coho appeared between late April and May, and steelhead were present from late May through June.
Steelhead migrated through the AOC reach in 1 to 2 days, while yearling chinook took 2 to 3 days to
complete migration through the AOC. Sub-yearling chinook were believed to take longer than both
steelhead and yearling chinook. Because most juvenile fish have completed the rearing phase of their life
cycle in hatchery raceways, they are expected to be migrating toward the Pacific Ocean to begin the
ocean phase of their life cycle. However, it is unknown how long juvenile salmonids remain in the
Columbia River after leaving the AOC and the lower Willamette River (personal communication; D.L.
Ward, November 19, 1999).

Although most radio-tagged fish appeared to be moving through the AOC quickly, seine catches
during the winter suggest that some may use the AOC for rearing. Data suggest that juvenile salmonids
encounter developed areas in the AOC during the downstream migration; however, no difference in
behavior of radio-tagged fish between developed and undeveloped areas was detected. Predation on
juvenile salmonids by northern pikeminnow (Ptychocheilus oregonensis) appeared higher in developed
areas; however, pikeminnow abundance was lower in developed areas suggesting that absolute losses of
fish in developed areas were not necessarily higher (Ward et al. 1992, Ward et al. 1994).

One important limitation of this research was the lack of migration rate information collected for
subyearling chinook. Because of their small size at the time of capture above the study area, subyearling
chinook could not be radio-tagged and migration rate information could not be collected.

ODFW is planning another study that will address data gaps using lessons learned from the previous
work and advancements in technology. The new ODFW study will focus on juvenile salmonid habitat
preference, habitats associated with development, preferred invertebrate prey and their distributions
within AOC developments, and predator habitat preferences as it relates to juvenile salmonid habitat

usage. In addition, migration rate data on subyearling chinook will be collected using miniature radio-tags.

However, because of radio-tag battery life limitations, ODFW will seine for juvenile salmonids throughout
the year to identify the habitat utilized. ODFW plans to begin this work in the spring of 2000 (personal
communication; D. L. Ward, November 19, 1999).

The purpose of the DEQ salmonid field investigation is to document the migration rate of juvenile
salmonids through the AOC and thereby document juvenile residence time in the AOC. To achieve this
goal, juvenile salmonids will be captured upstream of the AOC, surgically implanted with radio
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transmitters, and tracked to quantify migration rate. Radiotelemetry has many uses in monitoring fish and
the use of radiotelemetry to document fish movements is widely accepted (Tyus et al. 1984, Gowan et al.
1994, Winter 1996). As recent computer and radio-tag technology have allowed smaller radio
transmitters, researchers are able to implant tags in smaller fish. Recent work with juvenile salmonids
indicates that surgical implantation of radio transmitters is the preferred method of tag implantation
because it induces fewer adverse effects on behavior, growth, feeding behavior, swimming performance,
and predator avoidance when compared to gastrically implanted tags (Lucas 1989, Moore et al. 1990,
Prentice et al. 1990, Adams et al. 1998a, Adams et al. 1998b).

Surgical implantation procedures will follow those described by Moore et al. (1990), and Adams et al.
(1998a and 1998b). After surgical implantation, radio-tagged fish will be held from 24 to 48 hours prior to
release, to ensure they have recovered from the anesthetic, surgical procedure, and handling. Radio-
tagged fish will be released at approximately RM 13.5 (downstream of Ross Island). Radio-tagged fish
will be tracked by boat daily and attempts will be made to locate the fish on an hourly basis. Information to
be recorded when individual fish are located includes the following:

• River location

• Water depth

• Distance from shore

• Habitat type

Daily monitoring will continue until tag failure is suspected or the fish appear to have moved out of the
study area. Radio-tagging operations will continue as long as fish are being captured upstream of the
AOC. Radio-tagging data will be used to document species-specific juvenile salmonid migration rates and
the habitat used while they migrate through the AOC.

Because of limitations on radio-tag life (miniature tags typically last approximately 10 to 100 days),
the seasonal nature of juvenile salmonid migrations, and the suspected migration rates of salmonids
through the AOC, it is unlikely that radio-tagged fish will be available for monitoring throughout the year.
In this case, beach and purse seining will be conducted periodically within the study area to verify the
presence of juvenile salmonids.

4.4.1.2.2. PAH content in salmonid gut contents

Stomach contents from fish collected in the AOC and comparison areas will be collected when the
fish are sacrificed for the biomarker measurement. The stomach-content samples will be archived and
analyzed, after the bioassay results have been analyzed, to establish a relationship between measured
biomarker responses and exposure as quantified by the PAH concentrations in the stomach content.
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4.4.1.2.3. Screening of biomarker levels in salmonids collected in the AOC and comparison
areas

A variety of specific and nonspecific biomarkers are elicited when salmonids are exposed to PAHs and
other organic contaminants. The focus of Phase 2 investigations will be to identify biomarkers specific to
PAH exposure. Therefore, biomarkers proposed for use must have demonstrated sensitivity to PAH
exposure in order to be considered. A list of potential exposure biomarkers is contained in Table 17.

Table 17. Exposure Biomarkers Considered for Use

Biomarker

Biliary FAC Levels

hepatic cytochrome P4501A
(CYP1A)

COMET assay

V-hydroxy-guanine

DMA adduct formation

Specific to PAHs?

Yes

No

No

No

Yes

Potential effects endpoints

linked to effects in English sole in Puget
Sound, measured in juvenile salmon in
the Duwamish River

associated with exposure of juvenile
salmon to PAHs and PCBs in the
Duwamish River

can be linked to genotoxic effegts

measures oxidative damage to DNA

associated with exposure of juvenile
salmon to PAHs Duwamish River

Several biomarkers were measured in outmigrant juvenile chinook salmon in the Puget Sound (Stein et
al. 1995). Juvenile chinook collected in an urban estuary, the Duwamish Waterway, contained higher
concentrations of PAHs and PCBs in their stomach contents when compared to fish collected from the
Nisqually Estuary, a nonurban area known to be minimally contaminated. The biomarkers of exposure to
PAHs measured in this study included biliary FAC levels, induction of hepatic cytochrome P4501A
activity, and hepatic levels of DNA adducts. All of these biomarkers were elevated in the fish collected
from the Duwamish Waterway relative to the fish collected from the Nisqually Estuary.

Elevated biliary FAC levels are one biomarker specific to PAH exposure. Exposure to PAH and other

organochlorine contaminants can lead to elevated CYP1A (P450 enzyme system). Other possible
biomarkers of exposure include DNA strand breakage (COMET assay), chloride cells, -hydroxy-guanine,
and DNA adduct formation. One or more of these biomarkers will be selected and a field pilot study
conducted to determine if their levels are elevated in salmonids collected from the AOC and comparison
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areas. Only if biomarkers of PAH exposure in salmonids collected within the AOC are greater than those
measured in comparison area will it be necessary to continue with assessing PAH risks to salmonids.

4.4.1.2.4. Bioenergetic Modeling

Bioenergetic modeling will be conducted in order to develop a deeper understanding of the feeding
requirements of the salmonids as they transit the AOC. In addition, the modeling results may provide
insight into other stress factors that may affect the outmigrating salmon.

4.4.1.2.5. Analysis of Results

The results of the Phase 1 studies will be analyzed and compiled in order to determine whether or not
to proceed with Phase 2and will include the residence time for salmonids within the AOC, the biomarker
levels in salmonids collected in the AOC and comparison areas, and the concentrations of PAHs in gut
contents of salmonids within the AOC and comparison areas. These data will be evaluated using a
weight-of-evidence approach to determine whether or not to proceed with Phase 2. The specific criteria
that will be used to evaluate the data will be developed prior to the initiation of the Phase 1 studies.

4.4.1.3. Phase 2: Screening of juvenile salmonids and resident fish for indicators of PAH
exposure

Phase 2 studies will be initiated if the results of Phase 1 indicate (1) that salmonid species are
spending substantial periods of time feeding and rearing within the AOC, and (2) elevated PAH
concentrations are measured in salmonid gut contents collected within the AOC relative to comparison
areas. The goal of the Phase 2 studies will be to measure PAH concentrations in sediment and salmonid
prey items, conduct laboratory studies to establish dose-response relationships, and develop biomarker-
based protective levels for either sediment or benthic invertebrate tissue concentrations.

4.4.1.3.1. PAH concentrations in sediment and salmonid prey items

The levels and extent of PAHs in sediments and salmonid prey items, primarily benthic invertebrates,
will be measured. An exhaustive literature search for feeding studies in the lower Willamette River has yet
to be conducted, but several studies evaluating the feeding behavior of juvenile salmonids in the tidal
Columbia River are readily available. In tidal freshwater areas of the Columbia River, the benthic
amphipods Corophium salmonis and C. spinicorne are the principal prey of sub-yearling Chinook, coho,
and steelhead juveniles. These amphipods are of such importance to juvenile salmonids below the
Bonneville Dam that biological assessments to determine their potential impact is necessary before areas
can be used for the disposal of dredged materials (McCabe and Hinton, 1996).

Benthic data collected in Portland Harbor have shown that these amphipods are present and can be
abundant. Limited benthic sampling in the study area showed that C. salmonis was one of the five
dominant taxa at RM 1 and RM 9 but was not at RM 6 (Tetra Tech, 1993).
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Benthic stages of insects including chironomid larvae and adult dipteran insects also composed
significant portions of juvenile salmon diets in freshwater areas of the Columbia River estuary (McCabe et

al., 1983). In the central Columbia River, above Bonneville Dam, juvenile chinook salmon consumed
almost exclusively the adult and larval stages of aquatic insects, dominated by chironomids (75 to 81
percent) (Becker, 1973).

Sediment stations will be selected throughout the AOC and in comparison areas with a focus on
areas known to provide salmonid habitat. At each sampling location, surface sediment samples will be
collected. In addition, a subset of the sediment sampling locations will be selected for the analysis of
benthic invertebrates and samples sieved in order to isolate benthic invertebrates. Comparison-area
stations will be located in areas with similar habitat and benthic invertebrate communities. Both sediment
and benthic invertebrate samples will be submitted for analysis by gas chromatography following EPA

method 8240B.

The results for the AOC and comparison areas will be compared to determine whether or not the PAH
concentrations in the sediment and benthic invertebrates collected in the AOC are greater than those
measured in the upstream and downstream comparison area samples. If concentrations measured in the
AOC samples are elevated relative to the reference area samples, then Phase 2 studies will be
conducted.

4.4.1.3.2. Laboratory dose-response study

If biomarkers of PAH exposure are elevated in the AOC salmonid population relative to comparison
area populations, laboratory studies will be necessary to determine dose and response relationships
between exposure and effect biomarkers. Some effect biomarkers that may be considered include
disease resistance, osmoregulatory ability, or immune system competence.

In order to design the laboratory dose-response study, the most appropriate test mixture to which the
salmon should be exposed, as well as the method of exposure, must be determined. The salmon could
be exposed to sediment extracts from AOC sites or standard mixtures of PAH compounds and could be
conducted using exposure to spike water, dosed food items, field-contaminated prey organisms, or
interperitoneal injection.

The comparability of the selected test and field populations must also be considered. The fish most
likely to thrive in aquaria under laboratory conditions will be younger and smaller than the outmigrating
salmon present in the AOC. Furthermore, the potential presence of antibiotics in hatchery fish must be
considered prior to using these fish for endpoints such as disease resistance or immune system
competence.

The dose-response studies will be designed to establish a relationship between the exposure
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sediment or prey tissue concentrations and biomarker response in order to calculate a protective
sediment concentration based on the level of biomarker response associated with specific effects in
salmonids.

4.4.1.3.3. Establish biomarker-based protective levels

The results of the dose-response study will be used to establish biomarker-based protective levels for
either sediment or benthic invertebrates. The relative strengths of the correlations between the biomarker
levels and sediment or gut contents will be compared in order to determine whether sediment or benthic
invertebrate tissue would be the most appropriate endpoint.

4.4.1.4. Uncertainties

There are several sources of uncertainty associated with the planned study design. First, the
residence times of the various hatchery and wild populations in the AOC must be determined. Differences
in the length of time spent in the AOC both between and within populations will result in variability in the
exposure of these populations that will make comparison with the comparison populations difficult. In
addition, the inherent variability in biomarker levels within wild and hatchery salmon populations is not
known. If high levels of variance exist within populations in the AOC and the comparison areas, extremely
high numbers of samples will be required to support a statistical comparison of the populations.

Another potential source of uncertainty is the development of correlations between exposure and
effect biomarkers, as well as between exposure biomarkers and sediment concentrations. The
development of biomarker-based protective concentrations in sediments requires that these correlations
be established. An example of this approach is the development of sediment quality thresholds for PAHs
from the regression of liver lesion prevalence in English sole (Horness et al. 1998). Ten years of field
surveys were used to compile a large database for a resident benthic fish population, but a considerable
amount of variability was seen in the calculation of sediment quality thresholds. The width of the
confidence intervals around the calculated threshold values ranged from a factor of two to three orders of
magnitude.

Finally, the comparability of the AOC and comparison area populations will be important in assessing
the results of the Phase 2 biomarker study. Potential comparison populations include hatchery stocks or
outmigrants collected above the Falls. However, the migration distance can affect osmoregulatory status;
if the osmoregulatory status of the fish affects the results of the biomarker survey, differences may exist
between the reference and AOC populations that are due to changes in osmoregulatory status rather
than exposure to PAHs. In addition, differences between the genetic structure, population size, fish size

and relative proportion of wild and hatchery fish in the populations, could influence the comparison of
AOC and referen.ee populations.
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4.4.2. Sediment Fate and Transport Modeling

4.4.2.1. Introduction

. In order to choose the best risk management strategy for the AOC , it is necessary to predict the
conditions under which contaminants are likely to 1) originate within, 2) enter and accumulate in, 3)
mobilize and depart from, 4) mobilize and relocate within or 5) naturally degrade within the AOC.

Understanding the pathways controlling contaminant mass balance throughout the AOC is essential to
address questions concerning the following:

• Identification and control of contaminant sources within and beyond the AOC
• Potential for future contaminant mobilization under various risk management strategies,

particularly those involving natural recovery
• Potential for future recontamination of sites following remediation
• Long-term engineering integrity of remediation alternatives, particularly sediment caps
• Control of contaminant dispersal during dredging operations for remediation or navigation

channel construction and maintenance

Contaminated sediment in the AOC has accumulated in a highly dynamic river environment. The
high degree of variability in the lower Willamette River environment contrasts sharply with the lower-
energy shallow estuarine environments characteristic of most major contaminated sediment projects in
the region, such as the Duwamish River and Thea Foss Waterway sites in Puget Sound. The principal
sources of variability in the lower Willamette River are:

• Wide-ranging river discharges, including major flood events capable of transporting large volumes
of bedload and suspended sediment

• Continuously changing water levels resulting from ocean tides and the operation of Bonneville
Dam on the Columbia River

• Complex channel morphology, locally controlled by outcropping bedrock, revetments, docks, sea
walls, bridge piers and abutments, and other engineered structures

• Locally intense bottom turbulence associated with prop wash and wakes
• Episodic navigation channel dredging and other river channel modifications

The primary goal of the AOC-wide contaminant fate and transport investigation is to produce
information and tools necessary to:

• Assess the potential impacts on the AOC of upstream contaminant sources and of AOC
contaminant sources to areas downstream from the harbor

• Identify long-term risk management strategies appropriate for consideration in Portland Harbor
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• Provide an AOC-wide framework in which to evaluate site-specific contaminant fate and transport
studies and remediation plans

The geographic scope of the contaminant fate and transport investigation will include the lower
Willamette River from Willamette Falls to the confluence with the Columbia River, with greater resolution
in the AOC.

4.4.2.2. The "Conveyor Belt" Conceptual Model

COI in the AOC may affect human and ecosystem health by a variety of pathways. An understanding
of two transport mechanisms, water circulation and sediment transport, is needed to evaluate the
resulting exposures.

Water circulation is the primary "conveyor belt" because it not only enables the direct transport of
dissolved contaminants, but also determines the dynamics of sediment transport, which is the secondary
"conveyor belt". Water circulation is inherently variable in both space and time. It is most effective at
transport in unconstricted channels and least effective in lateral enclosures, such as ship berths. Its
variability is related to climatic cycles and associated land runoff, management of dams and reservoirs,

and even ocean tides.

Under most circumstances, water in the main stem of the Willamette River flows downstream and is fairly
well mixed vertically. Hydraulic residence times in the AOC will probably be on the order of 1 hour to 1
day. It is possible that in many areas of the AOC, and for most of the year, water velocities are strong
enough to prevent significant sediment deposition, but not strong enough to cause significant erosion.
Even if this scenario represents characteristic behavior for the system, significant deviations occur in
space and time. For instance, the Columbia River penetrates at times into the lower Willamette River,
creating a stratified system with at least partial flow reversal. Also, the need for maintenance dredging
indicates that water slows enough in certain parts of the AOC to allow net accumulation of sediment. By
contrast, the AOC's water flow is likely to be primarily erosional during a major flood event, with significant

potential implications for contaminant mobility.

The secondary conveyor belt, sediment transport, has multiple components. A simple yet reasonable
conceptualization represents four components: colloids, suspended particulates, bed load sediment, and
bottom sediment. Colloids are very fine particles that, , are continuously suspended and carried with the
water. Suspended particulates, mostly silts and clays, are also carried in suspension in the water column;
however, they can aggregate and settle to the bottom under the effects of gravity. Water flows can readily
resuspend these same particulates from the bottom through erosion. Bed load sediment is dominantly
sand and gravel that migrates downstream along the river bottom. Bottom sediment is a natural time

integrator of the dynamics of overlying water column sediments functioning through deposition,
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compaction, and erosion, both as a source and sink of sediments.

The transport and fate of an individual COI will depend significantly on its affinity for one or both of
these conveyor belts. This affinity is determined by chemical and biological transformation processes and
varies depending on the contaminant and pathway. Table 18 illustrates the affinities of relevant COI
classes for water and sediment, in addition to synthesizing information about contaminant sources and
toxic effects.

Table 18. Classes and Selected Characteristics of COIs

Class

Strongly
hydrophobia
orgamcs

Strongly
hydrophobic
organic
compounds

More-soluble
organics

More-soluble
organic
compounds

Organo-tm
compounds
Mercury

Lead

Arsenic

Transition metals

Examples

DOT,
PCBs,
PAHs

DOT,
PCBs,
PAHs

2,4-D, 2,4-DB,
phenols, chloro-
phenols,
phthalates,
pesticides,
solvents
2,4-D, 2,4-DB,
phenols, chloro-
phenols,
phthalates,
pesticides,
solvents
TBT

Elemental
mercury,
methyl mercury

Elemental lead,
various lead
minerals

Ni, Cu, Zn, Cr

Sources

Primarily identified in
bottom sediments
associated with several
sites; DOT (and others)
may have an upstream
source
Primarily identified in
bottom sediments
associated with several
sites; DOT (and others)
may have an upstream
source
May be in contaminated
bottom sediments; also
likely in runoff,
groundwater and the
water column

May be in contaminated
bottom sediments; also
likely in runoff,
groundwater and the
water column

Identified in bottom
sediments
Identified in soils and
bottom sediments
associated with several
sites
Identified in soils and
bottom sediments
associated with several
sites
Identified in soils and
bottom sediments
associated with several
sites
Identified in bottom
sediments

Sediment-water
partitioning

Do not partition easily to the
aqueous phase; can migrate
when associated with
colloids or suspended
participates

Do not partition easily to the
aqueous phase; can migrate
when associated with
colloids or suspended
particulates

Partition significantly to the
water column

Partition significantly to the
water column

Do not partition easily to the
aqueous phase
Do not partition easily to the
aqueous phase

Do not partition easily to the
aqueous phase

May partition to the aqueous
phase, depending upon
chemical form

May partition to the aqueous
phase, depending upon
sediment redox chemistry

Toxic effects

All show toxicity;
bioaccumulated
DDT has been identified
as an endocrine disrupter

All show toxicity;
bioaccumulated
DDT has been identified
as an endocrine disrupter

Range of impacts; 2,4-D
is an endocrine disrupter;
do not bioaccumulate

Range of impacts; 2,4-D
is an endocrine disrupter;
do not bioaccumulate

Identified as an endocrine
disrupter
Metallic lead
bioaccumulates; organo-
mercury compounds are
toxic
Bioaccumulates

Poisonous

Generally less toxic than
previous classes, with the
notable exception of
chromium
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4.4.2.3. Strategy

The contaminant transport and fate study will consist of three components:

• Water circulation
• Sediment transport
• Contaminant dynamics

Describing and predicting the characteristics, including variability in space and time, of water
circulation is well within the reach of current technologies. Characterizing water circulation involves
modest uncertainties and costs, relative to a comparable characterization of sediment transport. Both are
easier and cheaper to characterize than the biochemical pathways for most COI. Understanding water
circulation and sediment transport, however, permits effective screening of hypotheses regarding
contaminant transport and fate.

Given the variety of COI in the AOC, an effective strategy for the contaminant fate and transport
investigation will involve an inverted pyramid approach:

(a) Detailed quantitative characterization of water circulation

• Products: three-dimensional representation of water velocities in space and time and
derivative products, such as maps of hydraulic residence times and associated statistics, for
a full range of flow conditions

• Methods: combination of fixed stations, vessel-based observations, and detailed computer
models of water circulation

(b) Semi-quantitative characterization of sediment transport

• Products: maps of likely depositional and erosional areas for characteristic and extreme flow
conditions

• Methods: analysis of water velocity simulations; limited field survey observations of
suspended sediment; simplified computer models of sediment transport; and interpretation of
available bathymetry and bottom sediment data

(c) Conceptual characterization of contaminant dynamics

• Products: analysis of sources and mobility of COI in the AOC and implications for risk
management

• Methods: simplified conceptual biochemical models using water circulation and sediment
transport information, complemented by limited field survey observations if necessary

There are trade-offs between investigation costs and confidence in the resulting analysis. Information and
tool requirements emerging from other aspects of the AOC investigation will ultimately dictate the overall
scope of the project and the balance of effort among the three project components., The project will use a
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phased, iterative development process. The investigation of water circulation will begin with a

reconnaissance phase that guides the design of field observations and decisions on modeling resolution
for all three components Investigation of sediment transport and contaminant dynamics can also be

iterated from the relatively simple and inexpensive approaches outlined above into much more detailed
and time-consuming approaches involving substantial field and modeling efforts. Any such transition will,
however, be made only on the basis of a demonstrated need. Existing data sources and tools will be used
whenever possible.

Project information,—observations, model results and analysis—will be publicly disseminated through
the Internet and will be compatible with publicly accessible data analysis and visualization tools. The task
will use public domain models and will provide technical support for model users as necessary.

4.4.2.4. Water Circulation

The objective of this component of the investigation is to understand the primary transport mechanism:
water circulation. The principal tool is a time-dependent numerical model, verified using continuous and
synoptic observations of water levels, currents, and temperatures. The model will be capable of
simulating long periods of time (on the order of years), support local refinement of the spatial resolution,
and run operationally in real or quasi-real time. Model development will take advantage of existing
regional infrastructure that currently includes operational model forecasts, continuous field observations,
and Internet-based information technology.

The model will be developed in two phases: a short reconnaissance phase, and a three-dimensional
representation of circulation. The short reconnaissance involves using a coarser grid and, perhaps, a
depth-averaged representation of circulation and limited field validation. These will be used to provide an
early conceptual model for the spatial and temporal variability of water circulation in the AOC. This
information will guide time-sensitive decisions on field observations for all components of the project and
will help illustrate and refine types of information products and distribution mechanisms, reflecting early
feedback from users.

The second phase, the three-dimensional representation of circulation, will require grids with refinement

designed to meet model validation criteria and systematic demonstration of model robustness and
reliability. In addition to pre-existing and ongoing data collection, model validation and demonstration will
require field data from both fixed stations and vessel-based surveys. Fixed-station data will come from
four temperature and pressure (TP) sensors and three acoustic Doppler profilers (ADP) for monitoring
currents. Figure 8 shows the approximate locations of fixed stations in the second phase of the project,
as well as existing continuous-monitoring stations for water levels.
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Figure 8. Approximate Locations of Fixed Monitoring Stations
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ADPs transmit focused acoustic beams through the water and measure the small amounts of
acoustic energy that suspended particles reflect back to the instrument. Using Doppler shift principles, the
instrument processes the reflected acoustic signal to calculate water velocities at fixed distances from the
instrument. The primary output of an ADP is a profile of current directions and velocities in either a
horizontal or vertical direction, depending on the way the instrument is mounted. The spatial resolution of
the profile (called "bin size") is user-selectable, within a range determined by the acoustic frequency of
the instrument. Secondary outputs offer profiles of acoustic backscatter (a measure of water turbidity, and
a surrogate for sediment concentration) and water temperature at the instrument.

One of the ADPs will be mounted laterally, to capture cross-channel variability of velocities, using bin
sizes on the order of one meter. The other two ADPs will be bottom-mounted, looking down. Using bin
sizes on the order of several centimeters, these instruments will enable monitoring of near-bottom
currents. One will be co-located with the horizontally mounted ADP, and the other will move periodically
to monitor currents at various locations in the AOC.

All fixed stations will have real-time telemetry. Telemetry enables data to be visualized and, if
necessary, processed within minutes of collection. This capability is necessary to:

• Support vessel-based surveys, particularly for making decisions on short-notice detection of
extreme events, and customize sampling design to reflect prevailing conditions at the time of the
surveys

• Minimize loss of data by detecting and addressing instrumentation problems as they occur
• Reduce maintenance costs by enabling longer intervals between regularly scheduled

maintenance visits

Vessel-based surveys will complement observations from the continuous monitoring network by adding
spatial detail between fixed-station locations. A key component of the surveys will be measurements
using a vessel-mounted ADP. These surveys will be conducted during high-flow events. Model results will
influence the detailed design of field surveys, including the location of transects and the timing of
observations. Table 19 shows a provisional observation plan for the second phase of the investigation,
including both fixed stations and vessel-based surveys.
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Table 19. Provisional Observation Plan for Water Circulation and Sediment Transport

A. Fixed stations (deployed through the duration of the Portland Harbor investigation)

Station 1
One .3MHz SonTek ADP, horizontally mounted (samples every 15 minutes)
One 1.5MHz SonTek ADP-PC, vertically mounted (samples every 15 minutes)
Two D&A OBS sensors (samples every 5 minutes)

Station 2 (to be deployed at various locations, for periods of 2-3 months each)
One 1.5MHz SonTek ADP-PC, vertically mounted (samples every 15 minutes)
One D&A OBS sensor (samples every 5 minutes)

Stations 3-6 (each)
One Seabird TP sensor, with integrated D&A OBS (samples every 5 minutes)

Telemetry Network
One computer with Internet access
Seven FreeWave spread-spectrum radios (one for each fixed station plus one for on-shore receiving
station)

B. Vessel-based survey

Six surveys over two years, with the same stations occupied in each survey. At least half of the
surveys should occur during high flow conditions. Each survey should include:

• • Four lateral transects to measure currents with a vessel-mounted ADP
• • Temperature and optical backscatter casts at a minimum of 12 stations
• • Near-surface and near-bottom suspended sediment samples at the same stations, to be

analyzed for sediment concentration, size distribution and organic carbon content.
• • Grab samples of bottom sediment at the same stations, to be analyzed for size

distribution and organic carbon content.

Model results and field data will be accessible through the Internet for shared use among interested
parties. Also distributed through the Internet will be model products of general interest, including space-
time and statistical maps of currents, shear stress, and residence times.

4.4.2.5. Sediment Transport

The objective of this component of the investigation is to characterize the principal features of the
secondary transport Mechanism: sediment transport. Observations to support the sediment transport
component will be collected simultaneously with those for water circulation. The principal parameter
collected at the fixed stations will be acoustic backscatter (ABS), a measure of water turbidity and
surrogate for sediment concentration. Suspended sediment sampling from vessel-based surveys will
provide data on sediment concentration and size distribution necessary to calibrate ADP backscatter
observations, possibly complemented by optical backscatter (OBS) observations.

While the development and use of detailed numerical models of sediment transport remains a
possibility for this investigation, credible validation of such a model is complex and costly.. An alternative
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approach will be used, unless the need for additional sophistication is demonstrated. The approach will
involve:

a) CIS-based analysis of historical bathymetric data in order to characterize areas and rates of net
erosion and deposition

b) Determination of critical shear stresses in various regions of the AOC, using observations from
the bottom-mounted ADPs described above; critical shear stress is a measure of a bottom

sediment's ability to resist erosion and is a function of near-bottom water velocity, water depth,
and characteristics of the bottom sediment

c) Characterization, including spatial and temporal variability, of suspended sediment concentration
in the water column, using ABS observations from all ADPs described above

d) Characterization of sediment size distribution in the water column under various hydrologic
conditions using a subset of suspended sediment samples collected in the vessel-based surveys

e) Statistical correlation of observed sediment abundance and hydrologic forces, to the extent
limited field survey data allow

f) Use of detailed water circulation information and simplified aggregation and settling models for
characteristic and extreme flow conditions in order to produce the following:

• Maps of likely erosional areas based on computed shear stress distributions and observed
critical shear stresses

• Maps of likely depositional areas for suspended particulates in various size fractions

g) Integration of the above approach with STA® to characterize sediment mobility across the AOC,
including flux estimates for colloids and suspended particulates under characteristic and extreme
conditions

4.4.2.6. Contaminant Dynamics

The objective of this component of the investigation is to assess sources and mobility of COI and
evaluate the implications for cleanup. The analysis will rely heavily on available COI concentration data
from bottom sediment sampling and will consider upstream, AOC, and groundwater sources.

Local discharge of groundwater is an important consideration for contaminant transport and fate but is
poorly understood in AOC. The reconnaissance phase of the project will compile and evaluate existing
information on the subject to determine if additional observation and modeling effort is necessary in the
second phase. A coarse cell model will represent the AOC, with cells representing distinct contaminant
accumulation, water circulation, and sediment transport characteristics for each COI class (see Table
18). Exchanges of water and sediments among cells will be characterized, both for characteristic and for
extreme hydrologic conditions, using information from the water circulation and sediment transport

studies.
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To assist in the characterization of contaminant dynamics pathways, a suite of indicator and tracer
chemicals will be identified from the list of COI and other chemicals occurring in the AOC.
chosen on the basis of their physical and chemical properties and physical distribution. For

These will be
example, both

hydrophobic and hydrophilic contaminants will be identified from compounds that are associated with the
following:

• Only the AOC
• Only upstream sources
• Both local and upstream sources

Using this information and simple chemical equilibrium models, mass balance analysis will be performed.
Specific observations will be designed and implemented to screen among possible causes, such as

1

1

1

1

1

groundwater sources or bioaccumulation, and to improve mass balance arguments. When
can be argued with satisfactory confidence, it will be used to develop conceptual models

the cell model
of mobility for

the different COI classes through and within the AOC. This will assist in the screening of alternative risk
management options.

The approach described above lacks the sophistication of more complex contaminant transport and
fate models that feature coupled hydrodynamics, sediment transport, and contaminant dynamics (e.g.,
Blumberg and Fitzpatrick, 1998; Hamrick 1991 and 1992; West Consultants 1996). The more complex
models, however, carry inherent uncertainties and involve costs that do not appear feasible for this
investigation. The approach selected here will be sufficient to address, within a reasonable
frame, the main questions regarding contaminant dynamics in the AOC. Even if this does

cost and time
not hold true,

the approach outlined will be invaluable in designing more effective observational and modeling studies,

1

1

with confidence that these address practical management needs.

4.4.2.7. Integration

Integrating the water circulation, sediment transport, and contaminant dynamics components
described above is essential to address relevant questions concerning contaminant fate and transport in

1

1

1

1

1

1

the AOC. The principal contributions of the integrated project will include:

• Compilation and analysis of historic hydrographic and dredging data
• Continuous monitoring of water levels, temperature, currents, and suspended sediment

concentrations
• Vessel-based field surveys to characterize physical, but not chemical, properties

sediment
of suspended

• Development of a water circulation model for the lower Willamette River, with higher resolution in
the AOC.
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• Development of semiquantitative modeling tools for characterizing sediment transport in the AOC

• Generation and Internet-based distribution of information products related to currents, residence
times, and suspended sediment occurrence

• Evaluation and interpretation of observations and modeling results using conceptual models of
contaminant fate and transport.

The contaminant fate and transport investigation will be implemented in two phases, as summarized
in Table 20. The reconnaissance phase will use a CIS-based analysis of historical bathymetry and a
coarse water-circulation model to provide early insights on water and sediment dynamics, to guide the
design of the field surveys, and to allow early user feedback on intended products and distribution
mechanisms. A limited field program using one fixed-station with a vertically mounted ADP and one
vessel-based survey is planned during this phase. After review of the results of the reconnaissance
phase, a second phase will add, to the extent necessary, additional observations, refined modeling, and
comprehensive analysis and interpretation of all available information.
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Table 20. Transport & Fate Project steps and timeline

Component

Compilation of historic data

Continuous monitoring
Vessel-based surveys
Water circulation modeling

Sediment transport
modeling
Product and information
distribution
Evaluation and
interpretation

Reconnaissance Phase
(3 months)

Yes

Limited program
One survey desirable
Coarse model, probably depth-
averaged
No

Yes

Primarily conceptual

Review
(1 month)

Yes

Yes
Yes
Yes

Yes

Yes

Yes

Second Phase
(20 months)

Only as necessary to fill remaining gaps

Yes
Yes
Detailed numerical model, three-
dimensional, including temperature
Semi-quantitative model

Yes

Analytical and conceptual

The investigation will provide an effective representation of the dynamic behavior of water, sediments,
and contaminants in the AOC, using an inverted pyramid approach consistent with a conveyor belt
conceptual model. If deemed necessary to assess the effectiveness of alternative risk management
strategies, including source control measures, additional phases of the project can be developed. Follow-
on phases would:

• Add resolution in each of the project components
• Expand observations, particularly for the characterization of groundwater inputs
• Provide quantitative modeling of sediment and contaminant dynamics

4.5. Data Management Plan

The purpose of this data management plan (DMP) is to create standardized procedures and formats
for all documents and environmental data, field and laboratory, generated by DEQ and responsible
parties during the AOC sediment investigation. The following topics are included in this DMP:

• Field data management activities
• Requirements for creation and maintenance of project data

• Project file requirements
• Procedures for presenting project results and data

• Document control requirements

4.5.1. Field Operations

The collected field data generally will include descriptive information associated with sediment and
biota sample collection. During field operations, effective data management is the key to providing
consistent, accurate, and defensible documentation of data quality,
site activities depend on clear documentation.
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4.5.1.1. Field Data Security

To avoid alteration, damage, or loss of field data during the AOC sediment investigation, a field data
security system will be put in place and will include use of personnel specifically trained in documentation
and chain-of-custody requirements. Field records and chain of custody documentation minimize the

opportunity for loss or damage of project data. Independent checks will be performed to detect errors and
corrective actions will follow if necessary.

4.5.1.2. Field Records

Daily field records, which combine field logbooks and field data sheets, will make up the main
documentation for field activities.

4.5.1.2.1. Field Logbooks

All field activities and observations will be noted in a field logbook during fieldwork, and descriptions
written clearly with enough detail so that the participants can reconstruct events later if necessary. Field
logbooks will describe any changes that occur at the site and, in particular, personnel and responsibilities
or deviations from the work plan or field sampling plan (FSP), as well as the reasons for these changes.
Requirements for logbook entries will include the following:

• Separate field activity logbooks will be kept for each task, in addition to the master site logbook
• Logbooks will be bound, with consecutively numbered pages
• Removal of any pages, even if illegible, is prohibited
• Entries will be made legibly with waterproof ink, preferably black
• Unbiased, accurate language will be used
• Entries will be made while activities are in progress, or as soon afterward as possible (the date

and time that the notation is made should be noted, as well as the time of the observation itself)
• Each consecutive day's first entry will be made on a new, blank page
• The date and time, based on a 24-hour clock, will appear on each page
• When field activity is complete, the logbook will be entered into the permanent sediment

investigation project file

In addition to the preceding requirements, the person recording the information must initial and date
each page of the field logbook. If more than one individual makes entries on the same page, each
recorder must initial and date each entry. The bottom of the page must be signed and dated by the
individual who makes the last entry. The field team and task leader, after reading the day's entries, also
must sign and date the last page of each daily entry in the field logbook.

Separate logbooks for each activity may be needed because several field activities may occur at
once. In addition to each task or activity logbook, a master field logbook will be used. A description of
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impending operations and general field activities, including personnel on site, will be noted in the master
logbook. The master logbook also will include a list of the activity logbooks.

Logbook corrections will be made by drawing a single line through the original entry, allowing the
original entry to be read. The corrected entry will be written alongside the original. Corrections will be
initialed and dated, and may require a footnote for explanation.

4.5.1.2.2. Field Data Sheets

The field data sheets will be kept in the project file as a permanent record of the sampling or field
measurement activities. Information such as habitat evaluation data, sediment and biota sampling data,
and histopathology data will be noted on the field data sheets. Depending on the activity, the type of field
data sheet and the information recorded on it may vary. A reference date and activity will be entered into
the logbook to refer to the field data sheets being generated. If field data sheet entries are entered in an
electronic format, each sheet will indicate who completed the data entry and when. The project manager
is responsible for ensuring that all field data sheets are correct and that they become part of the
permanent file.

4.5.1.2.3. Electronic Data Management

As soon after collection as possible, quantitative field data will be entered onto a field notebook
computer or palmtop. The field database will be transmitted periodically via modem to the contractor's
main office and will be included in the main database established for the site. The field data entries then
will be checked against hard copy records. During verification of electronic versions of the field data
sheets, the hard copies will be initialed as they are checked.

The SEDQUAL database, discussed in more detail in the PHSMP, will be used to support the
implementation of the AOC sediment investigation, specifically to:

• Provide a single, centralized repository for sediment chemistry, pore water, bioassay, benthic,
and tissue chemistry data

• Provide a user-friendly interface for database queries and generation of reports
• Allow the data to be viewed and displayed in a CIS-compatible format, along with other GIS data

layers
• Conduct data manipulations, such as TOC- and lipid-normalization, comparison to sediment and

tissue guidelines, calculation of exceedance factors, and calculation of area-weighted averages
• Support calculation of sediment and tissue guidelines, including hit/no-hit calculations,

development of data distributions, statistical comparison, and error rate calculations

4.5.1.3. Data Record

The data record will be the main tracking mechanism for the AOC sediment investigation The data
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record will ensure that analytical data are traceable to specific samples and document sample shipments,
data receipt, and data validation.

4.5.1.3.1. Sample Code System

For the AOC sediment investigation organized data record, a unique code will be assigned to each
sample. This code will indicate the location, matrix, date, and analysis for the sample.

4.5.1.3.2. Sample and Field Measurement Locations

Latitude and longitude coordinates will be obtained for all sampling and field measurement locations
using a GPS unit. A station number or location, which will correlate with the sample code, will be given to
each site where GPS data are collected. These points will be identified later on site maps. The standard
projection method to be used during field activities is horizontal datum: North American Datum of 1983
(NAD83), State Plane Coordinate System (SPCS), Oregon North Zone (International Feet). In addition, all
hydrographic surveys, if performed, should be referenced to the Columbia River datum.

4.5.1.3.3. Chain-of-Custody Procedures

The chain of custody record will ensure that precise documentation of sample possession and
handling is maintained from the time of collection until final site decisions are approved. The chain of
custody record will include:

• Sample labels and custody seals
• Sample logbooks and field data sheets
• chain of custody sheets
• Laboratory-generated sample logs produced upon receipt of the samples at the laboratory

The chain of custody form will be a critical aspect of the record. A designated field team member will
be responsible for completing this form, which will be signed when received by the laboratory. The
following information will be included on the chain of custody form:

• Site name
• Project manager's name and team members responsible for collection of the listed samples
• Collection date and time of each sample
• Sampling type (composite or grab)
• Sampling station location
• Number of sample containers shipped

• Requested analysis
• Sample preservation information

• Name of the carrier relinquishing the samples to the transporter, noting date and time of transfer

and the designated sample custodian at the receiving facility
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In cases of project time constraints or analytical concerns, the person responsible for completing the
chain of custody form also will note whether samples require rapid laboratory turnaround. These notes
will be made in the remarks section of the form.

The original chain of custody form will be transported with the samples to the laboratory and will
remain in the laboratory's file. This form will note all shipping data, such as airbill number, organization,
time, and date. A complete custody record will consist of the original and any duplicate chain of custody
records, along with the airbill or delivery note. Project managers are responsible for ensuring that all
records are correct and that they become part of the permanent project file.

4.5.1.3.4. Data Review and Validation Records

The accuracy and precision of the data values will be compared to quality control (QC) criteria in the
review process. The contractor will be responsible for completing all data reviews and validations.

4.5.1.4. Project File Requirements and Electronic Data Management

The contractor will maintain project documentation files that contain an accurate record of all activities
conducted and information generated during the current project. Requirements for hard copy and
electronic files are discussed below.

4.5.1.4.1. Hard Copy Files

A hard copy file must be generated for all project plans, activities, and results that are conducted at
Portland Harbor.

4.5.1.4.2. Electronic Files

All laboratory analytical data associated with the samples will be requested in electronic format from
the laboratories. Data available only in hard copy, along with all data from field laboratories or
measurements, will be entered into the database and reviewed for corrections before use. Data validation
qualifiers also will be entered directly into the electronic database.

All electronic files will be maintained in formats that will facilitate transferal of data into SEDQUAL and
the associated Portland Harbor ArcView CIS project. Details on the structure of SEDQUAL and
information on the mechanism for data input are available from the SEDQUAL user documentation
(Ecology 1999).

4.5.1.4.3. Data Tracking

All incoming data, hard copy or electronic, will be tracked by the contractor's data manager. The
sample numbers and date received will be noted, and record of these kept in the project's database. Data
entry, validation, and GPS downloads also will be tracked in the same manner, kept in hard copy format,
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and made available to the project manager weekly.. The data manager will keep copies of the original
data on disk.

4.5.1.4.4. Electronic File Deliverables

Reports, management plans, and other documents will be submitted in Microsoft Word or HTML
electronic files, in addition to hard copy, for distribution to interested parties electronically and via the
Portland Harbor sediment investigation Web site. Databases and spreadsheets will be submitted in
electronic formats as specified by SEDQUAL.

Data are loaded into SEDQUAL using a comma-delimited, ASCII protocol, variable-length text file for
each system data type: survey, station, sediment sample, trawl sample, sediment trap sample, sediment
chemistry data, bioassay data, bioassay control data, infauna abundance data, trawl abundance data,
tissue data, bioaccumulation data, and histopathology data. A record that fails to pass any of numerous
data validation and integrity tests is written to a user-specified exception file along with the rejection error.
In this manner, large volumes of data can be processed without interruption while problem data are
identified and saved for further processing.

4.5.1.5. Data Presentation

Data from the AOC will be presented clearly and logically, according to scientifically recognized
standards. Information such as that from SPI surveys, benthic metric surveys, and habitat evaluation will
be included. At the end of the contract period, all field and laboratory data will be turned over to DEQ.
Illustrations, charts, tables, and other visual displays will be used to organize, evaluate, and present data.
These displays will be used to develop SQGs and identify cleanup areas within the AOC.

4.5.1.5.1. Tabular Data Display

As part of the project report, raw analytical data and field data will be presented in tables. Raw
analytical data tables will be organized by sample location and type and generally will include the
following information:

• Unique sample number
• Sample location and depth, if applicable
• Sample matrix
• Result of analysis with qualifier, if applicable
• Reporting units

Raw analytical data tables will be provided as appendices to the sediment investigation report.
Simplified tables will be generated as needed to present data from a particular area or to highlight a
particular contaminant.
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Field data tables will be specific to the type of data to be reported, but also will be organized by
sample location. The table will list all measurement values and qualifiers assigned during data validation,
including rejected data. Rejected data will be marked in the raw data table and the reasons listed in a
footnote. The reporting units will be specified by the associated approved analytical or field method.

Sorted summary tables will also be used to display trends or patterns in analytical data generated
from field samples. These tables typically will be subsets of data from the raw data tables and usually
sorted by sample location. The number and type of sorted summary tables used in the project report will
be determined after receipt, reduction, and validation of all analytical data.

4.5.1.5.2. Graphical Data Display

To depict data trends and patterns, graphical methods of data presentation may be used to
supplement information presented in the data tables. For example, maps may be used to delineate
sample area boundaries, topographic and bathymetric features, and contaminant concentrations at
discrete points. Isopleth maps may be used to estimate concentrations of contaminants between sample
locations. Other types of maps and logs, such as those generated by the SPI survey and acoustic survey,
can be provided as necessary to present data and information collected during field efforts.

4.5.1.6. Document Control

Document controls should be set to ensure that documents are accurate and current. These controls
should also verify that the documents represent ongoing project operations and are in the possession of
those individuals responsible for implementing, reviewing, and approving the prescribed procedure and
work results.

All documents that stipulate quality requirements, assign activities affecting quality, or specify results
of work to be accomplished under documents that prescribe quality protocol require document control.

4.5.1.6.1. Document Control Numbers

Documents can be traced and maintained with document control numbers from initiation through
revision and archiving. Document control numbers should be assigned to each deliverable document
produced during the AOC sediment investigation. Document control numbers should appear on each
page of the document.

4.5.1.6.2. Document Distribution

Documents must be distributed to the appropriate personnel for review and approval. The personnel
whose signatures represent approval of the document, as well as all key project personnel, will be
supplied with a copy of the final document and copies of all planning documents. The DEQ project
manager will designate the external distribution.
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4.5.1.6.3. Review and Approval

A formal review and approval process will be conducted before any project document is released.
The peer review process will ensure that the submittal is complete in accordance with the scope of work
(SOW). The SOW also will ensure that appropriate scientific assumptions and calculations were used and
that information is provided in a logical and organized manner.

4.5.1.6.4. Storage Procedures

All files will be inventoried and archived in accordance with the contractor's standard operating
procedure (SOP) for maintaining project files. Confidential documents will be stored in locked filing
cabinets that will be accessible by predesignated personnel only.
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5. RISK ASSESSMENT
As detailed in Section 2.5, four sediment-related objectives derive from DEQ's primary environmental

goals for the AOC. Risks posed to each of these objectives will be assessed by combining effects-based
testing, human health and ecological risk assessment protocols, and conditional decision rules (decision
flowcharts).

5.1. Objective (1): Benthic Community

At present, responsible parties may assess the toxic effects risk to the benthic community in three
ways: (1) conducting a comparison with SQGs, (2) performing a suite of bioassay tests, or (3) using a
sediment quality triad with collection of chemistry, bioassay, and community data. The outcome of any
one of these approaches is considered definitive with respect to evaluating acceptability under OAR 340-
122-115(5,6). The interpretation of acceptability or unacceptability of outcome varies with each approach.
If one outcome were acceptable, then no further assessment of toxic effects in the benthic community
would be appropriate. Conversely, an unacceptable outcome would definitively indicate unacceptable
risks and therefore the need for a feasibility study.

As shown schematically in Figure 9, if an SQG for a given COI is not available, synoptic sediment
chemistry and toxicity bioassay data will be collected. If an SQG is available, chemistry data are screened
against it. If an SQG is available for a given COI, and it is not exceeded, then no further assessment of
that COI is required. However, if the SQG is exceeded, then it is the responsible parties' choice to either
accept that SQG as a remedial action objective (RAO) and proceed to the feasibility study process, or
conduct a suite of bioassay tests. The SQG is a minimum, consistent level of performance. If acute and
chronic bioassays are conducted and results are acceptable (per Table 4) then no further assessment is
required; however, if results are not acceptable, then a remedy selection process will be performed.
Results of any bioassay tests are made available to the SEDQUAL database. As the SEDQUAL database
grows, the need to perform confirmatory acute and chronic bioassay testing will diminish.
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Figure 9. Decision Flowchart for Evaluating Objective 1
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5.2. Objective (2): Fish and Shellfish
5.2.1. Tissue Screening Concentration Approach

As shown schematically in Figures 10 and 11, threats to fish from contaminant concentrations in
their tissues will be assessed with TSCs. TSCs represent the fish tissue contaminant concentrations
below which adverse effects are not expected in a majority of fish species. Predicting risk using tissue
residues is generally preferable to using models because the dose is measured close to the site of toxic
action and model uncertainty is avoided. Though toxicity information is not standardized or available for
many chemicals in terms of body burdens this approach may be applicable for some contaminants. This
method will not be used for chemicals that exert toxic action during metabolism by converting
contaminants into toxic intermediates or byproducts, such as happens with PAHs in fish, because these
contaminants of concern may not bioaccumulate in tissues,

Figure 10. Decision Flowchart for Evaluating Objectives 2, 3, 4B (AOC)
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To assess risk posed to fish, fish tissue samples will be collected throughout the AOC and
comparison areas. AOC fish tissue concentrations for a given COI are first compared to the TSC for that
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COI. If there is no exceedance, fish tissue concentrations from the comparison areas are compared to
the TSC. If there is again no exceedance, no further assessment of that COI will be performed. However,
if AOC tissue concentrations exceed the TSC, then the evaluation moves to a site-specific level. If fish
tissue concentrations from the comparison areas exceed the TSC, then a currently unidentified potential
source not from within the AOC or its sediments (e.g., ubiquitous water-related) is suspected in the
comparison area. This information would be shared with the site discovery process. Such comparisons
are germane to the nature and extent determination requirements of the Rl process.

As shown schematically in Figure 10, the risk posed to fish from tissue contaminants will not be
evaluated until AOC and comparison area tissue levels are evaluated. TSCs are converted into their
RAO equivalents, using either an AOC BSAF calculated from AOC sediment and tissue data, or a site-

specific BSAF calculated with data from site-specific bioaccumulation tests and sediment chemistry data.
For migratory species, three non-contaminant elements need to be factored into the analysis: (1) water
temperature, velocity, and physical obstructions; (2) abundance, distribution, and quality of suitable food
sources: and (3) time spent in the AOC.

5.3. Objective (3): Birds and Mammals
A TTL approach similar to that used for human exposures (as shown in Figure 10) can also be

applied to wildlife exposures. To assess risk posed to wildlife by consumption of fish, fish tissue samples
will be collected throughout the AOC and the comparison areas. Fish tissue concentrations for a given
COI will be compared to wildlife TTLs. The decision guidelines are the same as those given for human
consumption exposures. A contaminant-specific TTL can be calculated given reasonably conservative
assumptions about fish or invertebrate tissue intake using a species-specific intake model, a contaminant-
specific TRV, and an acceptable risk level (e.g., TO = 1). The proposed TRV is a dose reported in the
scientific literature as a LOAEL, preferably related to a reproductive endpoint. For special status species,
the TRV will be based on a NOAEL, preferably related to a reproductive endpoint.

As shown schematically in Figure 11, the risk posed to wildlife from contaminant levels in fish tissues
will not be evaluated at specific sites until an evaluation of tissue levels from the AOC and comparison
area is completed. For sites, wildlife TTLs are converted into their RAO equivalents using either an AOC
BSAF calculated from AOC sediment and tissue data or a site-specific BSAF calculated with data from
site-specific bioaccumulation tests and sediment chemistry data.
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Figure 11. Decision Flowchart for Evaluating Objectives 2, 3, 4B (Site)
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5.4. Objective (4): Human Health
5.4.1. Human Health Nonconsumption Risk Assessment (4A)

As shown schematically in Figure 12, estimated doses received through dermal contact or incidental
ingestion of sediment are compared to established regulatory criteria (OAR 340-122-115[2,3,4]). If
individual and cumulative risks are found to be acceptable, no further assessment is required; otherwise,
the remedy selection process will begin.

This section describes methods for evaluating risks to human health from nonconsumption
exposures. Nonconsumption risks may arise from dermal contact with sediment or incidental ingestion of
sediment, as opposed to consumption risks that may arise from eating contaminated fish or shellfish.
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Figure 12. Decision Flowchart for Evaluating Objective 4A
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5.4.1.1. Identifying COPCs for Sediment Contact

A list of COIs is provided in the PHSMP, based on frequency of detection. For direct contact with
sediment, detected concentrations are screened against soil preliminary remedial goals (PRGs) to
determine a list of COPCs (see DEQ 1998).

5.4.1.2. Exposure Assessment

The issue of current and future land use will be evaluated as part of the beneficial land and water use
determination. The majority of the AOC is currently zoned for industrial land use only, and no plans exist
to significantly change land use in the foreseeable future. Future residential development of the area is
considered extremely unlikely; consequently, potential future residential scenarios will not be evaluated
except with regard to trespassers or transient residents. Any zoning restrictions or land use information
obtained as part of the land use determination will be described.

Based on available information, the following AOC nonconsumption exposure conditions were

identified:

(1) On-site workers—The majority of the AOC is zoned for industrial land use. Industrial workers in
the AOC may be exposed to sediment through incidental ingestion and dermal contact.

(2) Trespassers and transient residents—Trespassers have been observed residing along the
shoreline of the Willamette River in the AOC and may be exposed to sediment by incidental
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ingestion and dermal contact.

(3) Beach users—The public may use the shoreline of the Willamette River as a beach for
recreation at a number of public access areas and thereby be exposed to sediment by incidental
ingestion and dermal contact.

(4) Subsistence fishers—Use of the Willamette River for subsistence fishing has not been
determined; however, some populations may be likely to engage in subsistence fishing practices
in the AOC. In addition, Native American groups have claimed treaty rights to fish in the
Willamette River in and around the AOC. These groups may be exposed to sediment by
incidental ingestion and dermal contact while fishing or while going to and from fishing locations.

(5) Recreational fishers—Fishers have been observed in some segments of the Willamette River
within the AOC and these populations may also be exposed to sediment by incidental ingestion
and dermal contact. Other receptors such as recreational boaters or people participating in
festivities such as the Rose Festival may be exposed to contaminated sediment; however, these
exposures and associated risks are expected to be much lower than for the receptors proposed
for quantitative evaluation.

To calculate potential exposure to COIs through the identified exposure pathways, chronic daily
intakes (GDIs) and lifetime average daily intakes (LADIs) are used to evaluate both noncarcinogenic and
carcinogenic effects respectively. Absorbed doses for dermal exposures will also be calculated for each
COI. The calculation of GDIs, LADIs, and absorbed doses, expressed in mg/kg/day, involves numerous
estimated exposure factors.

The potential exposure of any individual to contaminants depends on factors such as individual
activity patterns, location-specific chemical concentrations, and other site-specific factors. The exposure
factors employed in assessing nonconsumption risks and a brief rationale for their use are provided in
Tables 21 to 31. These exposure factors are based on conservative default values provided as guidance
(CRITFC 1994; DEQ 1998; EPA 1999; EPA 1998; EPA 1993; EPA 1997a; EPA 1992 EPA 1991).

Additional clarification and explanation of exposure assumptions is provided below. Exposure
assumptions used for several receptors are described for the first receptor only.

5.4.1.2.1. Trespasser or Transient Resident Scenario

This scenario may be modified following completion of the human use characterization survey. For
example, children may be added to this receptor group if they appear to be residing as transients along
the AOC. Alternatively, if a particular subarea of the AOC does not have locations where the trespasser
or transient resident scenario is applicable, such as along active industrial areas, then this pathway may
not be considered within that subarea.
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Incidental Ingestion of Sediment. Residential land use is assumed only for subareas of the AOC
where individuals are observed residing adjacent to the river. Trespasser or transient residential activities
will be assumed to continue in the future. The exposure assumptions for transient residents are based on
EPA (1991) and DEQ (1998) values and best professional judgment (see Table 21). The sediment
ingestion rate is 100 grams/day (RME) and 50 grams/day (average) based on soil ingestion rates
provided by DEQ (1998). The exposure frequency is 365 days per year (RME) and 183 days per year
(average) based on best professional judgement. The exposure duration is 2 years (RME) and 1 year
(average), again based on best professional judgement. The exposure equations assume that 100
percent of the contaminants contacted in the residential RME scenarios was derived from the site
because these individuals are not expected to spend a significant portion of their day elsewhere.
Consequently, the fraction ingested from the contaminated source was assumed to be 1.0 for these
exposure scenarios. The body weight for an adult, 70 kg, is the default weight for adults provided by DEQ
(1998). The averaging time includes a pathway-specific period of exposure for noncarcinogenic effects
(i.e., ED x 365 days/year) and a 70-year lifetime for carcinogenic effects as provided by EPA (1991).

Table 21. Trespasser/Residential Scenario, Incidental Ingestion of Sediment

Equation

Where:
CS
IR

CF
EF
ED
Fl

BW
AT

Intake (mg/kg-day) = CS * 1R* CF * EF * ED * Fl
BW*AT

Chemical concentration in soil (mg/kg)
Ingestion rate (mg soil/day)
Conversion factor (10"6 kg/mg)
Exposure frequency (days/year)
Exposure duration (years)
Fraction ingested from contaminated source (no units)
Body weight (kg)
Averaging time (days)

Variable Receptor Value (Rationale/Source)
CS Adult RME/Average Exposure point concentration in soil

IR Adult RME 100mg/day(DEQ1998)
Average 50mg/day (DEQ 1998)

EF Adult RME 365 days/year (Best Professional Judgment)
Average 183 days/year (Best Professional Judgment)

ED Adult RME 2 years (Best Professional Judgment)
Average 1 year (Best Professional Judgment)

Fl Adult RME/Average 1.0 (see text)
BW Adult RME/Average 70 kg (average adult body weight; DEQ 1998)

Pathway-specific period of exposure for non-carcinogenic effects (i.e.,
ED x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1991)

AT Adult RME/Average
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Dermal Contact with Sediment. Residential land use is assumed only for the AOC where individuals
are observed residing adjacent to the river. Trespasser or transient residential activities will be assumed
to continue in the future. The exposure assumptions for transient residents are based on EPA (1991,
1999) values and best professional judgment (see Table 22). The skin surface area (5,700 cm2) for
dermal exposures to sediment includes face, forearms, hands, lower legs, and feet (EPA 1999). The EPA
default values for the soil-to-skin adherence factor of 0.07 mg/cm2 will be used for RME and average
exposures (1999). The exposure equations assume that 100 percent of the contaminants contacted in the
residential RME scenarios was derived from the site because these individuals are not expected to spend
a significant portion of their day elsewhere. Consequently, the fraction contacted from the contaminated
source was assumed to be 1.0 for these exposure scenarios.

Table 22. Trespasser/Residential Scenario, Dermal Contact With Sediment

Equation Intake (mg/kg-< 1av) = CS*CFxSA*AFx ABS x EF x ED x FC
BW*AT

Where:
CS Chemical concentration in sediment (mg/kg)
CF Conversion factor (1 0'6 kg/mg)
SA Skin surface area available for contact (cm2/event)
AF Soil-to-skin adherence factor (mg/cm2)

ABS Absorption factor (unitless)
EF Exposure frequency (days/year)
ED Exposure duration (years)
FC Fraction contacted from contaminated source (unitless)
BW Body weight (kg)
AT Averaging time (days)

Variable Receptor Case Value (Rationale/Source)
CS

SA

AF

ABS

EF

ED

FC

BW

AT

Adult

Adult

Adult
Adult
Adult

Adult

Adult
Adult
Adult

RME/Average
RME/Average

RME/Average
RME/Average
RME
Average
RME
Average
RME/Average
RME/Average
RME/Average

Exposure point concentration in sediment
3,450 cm2 (based on average of 5,000 cm2 for summer [hands amis and
lower legs of an adult] and 1 ,900 cm2 for winter [hands and forearms of
an adult]; EPA 1991 a)
0.08 mg/cm2 (DEQ 1998)
Chemical-specific value (EPA 1998)
365 days/year (Best Professional Judgment)
183 days/year (Best Professional Judgment)
2 years (Best Professional Judgment)
1 year (Best Professional Judgment)
1.0 (see text)
70 kg (average adult body weight; DEQ 1998)
Pathway-specific period of exposure for noncarcinogenic effects (i.e
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e
years x 365 days/year) (EPA 1991)

, ED
, 70

1
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5.4.1.2.2. Adult Beach User Scenario

Incidental Ingestion of Sediment. Adult beach use is assumed only for segments of the AOC where
individuals have public access to areas adjacent to the river. Beach use activities will be assumed to
continue in the future. The exposure assumptions for AOC beach users are based on ERA (1991) and
DEQ (1998) values (see Table 23). The RME exposure frequency will be set at 90 days per year based
on the assumption that individuals visit the beach every day during the summer months of June through
August. The average exposure frequency of 40 days per year is provided by DEQ (1998). The exposure

duration will be assumed to be 30 years (RME) and 9 years (average); these values were based on the
residential exposure duration provided by DEQ (1998). The exposure equations assume that 100 percent
of the contaminants contacted in the residential RME scenarios was derived from the site because beach
users are expected to be at the beach for a significant portion of each day. Furthermore, contact may
occur after they have left the beach because sediments may be brought home on clothing, shoes, or
beach towels. Consequently, the fraction ingested from the contaminated source was assumed to be 1.0
for these exposure scenarios.

Table 23. Beach User Scenario, Incidental Ingestion of Sediment (Adult)

Equation

Where:
CS
IR
CF
EF
ED
Fl

BW

AT

Intake (mg/kg-day) = CS * IR * CF x £F x ED x pi
BW*AT

Chemical concentration in soil (mg/kg)
Ingestion rate (mg soil/day)
Conversion factor (1CT6 kg/mg)
Exposure frequency (days/year)
Exposure duration (years)
Fraction ingested from contaminated source (no units)
Body weight (kg)
Averaging time (days)

Variable Receptor Value (Rationale/Source)
CS Adult RME/Average Exposure point concentration in soil
IR Adult RME 100mg/day(DEQ1998)

Average 50 mg/day (DEQ 1998)
EF Adult RME 90 days/year (Best Professional Judgment)

Average 40 days/year (DEQ 1998)
ED Adult RME 30 years (DEQ 1998)

Average 9 years (DEQ 1998)
Fl Adult RME/Average 1.0 (see text)
BW Adult RME/Average 70 kg (average adult body weight; DEQ 1998)
AT Adult RME/Average Pathway-specific period of exposure for non-carcinogenic effects (i.e.,

ED x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1991)
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Dermal Contact with Sediment. Adult beach use is assumed only for segments of the AOC where
individuals have public access to areas adjacent to the river. Beach user activities will be assumed to
continue in the future. The exposure assumptions for AOC beach users are based on DEQ (1998) and
ERA (1991) values (see Table 24). The RME skin surface area (13,300 cm2) for dermal exposures to
sediment is the 90th percentile value for hands, arms, feet, and legs (ERA 1997a) while the average skin
surface area (9,290 cm2) is the mean value for hands, arms, feet and legs (ERA 1997a). The ERA default
value for the soil-to-skin adherence factor of 0.07 mg/cm2 will be used for RME and average exposures
(1999). The exposure equations assume that 100 percent of the contaminants contacted in the residential
RME scenarios was derived from the site because beach users are expected to be at the beach for a
significant portion of each day. Furthermore, contact may occur after they have left the beach because
sediments may be brought home on clothing, shoes, or beach towels. Consequently, the fraction
contacted from the contaminated source was assumed to be 1.0 for these exposure scenarios.

Table 24. Beach User Scenario, Dermal Contact With Sediment (Adult)

Equation Intake (mg/kg-t 1av) = CS*CFxSA*AFx ABS x EF x ED x FC
BW*AT

Where:
CS Chemical concentration in sediment (mg/kg)
CF Conversion factor (1 0"6 kg/mg)
SA Skin surface area available for contact (cm2/event)
AF Soil-to-skin adherence factor (mg/cm2)

ABS Absorption factor (unitless)
EF Exposure frequency (days/year)
ED Exposure duration (years)
FC Fraction contacted from contaminated source (unitless)
BW Body weight (kg)
AT Averaging time (days)

Variable Receptor Case Value (Rationale/Source)
CS

SA

AF

ABS

EF

ED

FC
BW
AT

Adult

Adult

Adult
Adult
Adult

Adult

Adult
Adult
Adult

RME

Average

RME/Average
Average
RME
Average
RME
Average
RME/Average
RME/Average
RME/Average

1 3,300 cm2 (90m percentile value for hands, arms, legs and feet;
1997)
9,290 cm2 (50th percentile value for hands, arms, legs, and feet;
1997)

EPA

EPA

0.07 mg/cm2 (EPA 1999)

Chemical-specific value (EPA 1998)
90 days/year (Best Professional Judgment)
40 days/year (DEQ 1998)
30 years (DEQ 1998)
9 years (DEQ 1998)
1 .0 (see text)
70 kg (average adult body weight; DEQ 1998)
Pathway-specific period of exposure for noncarcinogenic effects (i.e
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e
years x 365 days/year) (EPA 1991)

,ED
., 70

DRAFT PORTLAND HARBOR Rl/FS WORK PLAN
MARCH 31,2OOO

PAGE 138



DRAFT

5.4.1.2.3. Child Beach User Scenario

Incidental Ingestion of Sediment. Child beach use is assumed only for segments of the AOC where
individuals have public access to areas adjacent to the river. Beach user activities will be assumed to
continue in the future. The exposure assumptions for AOC beach users are based on ERA (1991) and
DEQ (1998) values (see Table 25). The sediment ingestion rate will be set at 400 mg/day (RME) and 100
mg/day (average) based on child soil ingestion rates provided by DEQ (1998). The exposure frequency
will be the same values used as for adult beach users, 120 days per year (RME) and 40 days per year
(average). The exposure duration will be assumed to be 6 years; this value was based on the child
residential exposure duration listed by DEQ (1998). The body weight for a child, 15 kg, is based on the
default weight for zero- to 6-year olds provided by DEQ (1998). The exposure equations assume that 100
percent of the contaminants contacted in the residential RME scenarios was derived from the site.
Consequently, the fraction ingested from the contaminated source was assumed to be 1.0 for these
exposure scenarios.

Table 25. Beach User Scenario, Incidental Ingestion of Sediment (Child)

Equation

Where:
CS
IR
CF
EF
ED
Fl

BW
AT

Intake (mg/kg-day) = CS * IR * CF * EF * ED * Fl
BW*AT

Chemical concentration in soil (mg/kg)
Ingestion rate (mg soil/day)
Conversion factor (10"* kg/mg)
Exposure frequency (days/year)
Exposure duration (years)
Fraction ingested from contaminated source (no units)
Body weight (kg)
Averaging time (days)

Variable Receptor Value (Rationale/Source)
CS Child RME/Average Exposure point concentration in soil
IR Child RME 400 mg/day (DEQ 1998)

Average 100 mg/day (DEQ 1998)
EF Child RME 90 days/year (Best Professional Judgment)

Average 40 days/year (DEQ 1998)
ED Child RME/Average 6 years (DEQ 1998)
Fl Child RME/Average 1.0 (see text)
BW Child RME/Average 15 kg (average body weight for 0-6 year olds; DEQ 1998)
AT Child RME/Average Pathway-specific period of exposure for non-carcinogenic effects (i.e.,

ED x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1991)

Dermal Contact with Sediment. Child beach use is assumed only for portions of the AOC where
individuals have public access to areas adjacent to the river. Beach user activities will be assumed to
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continue in the future. The exposure assumptions for AOC beach users are based on DEQ (1998) and
ERA (1991) values (see Table 26). The skin surface area (7,685 cm2) for dermal exposures to sediment
is the 90th percentile for the whole body's skin surface area, for ages 2 to 6, provided by ERA (1997a).
The skin surface area (6,880 cm2) for dermal exposures to sediment is the 50th percentile for the whole
body's skin surface area for ages 2 to 6 provided by ERA (1997). Whole body exposures to sediment
were assumed for children because during play activities at a beach, they are likely to contact surface
sediments with their entire bodies. Skin surface areas are average values for boys and girls ages 2 to 6;
data are not provided by ERA (1997a) for children under 2 years old. The body weight for a child, 15 kg,
is based on the default weight for zero- to 6-year olds provided by DEQ (1998). The DEQ default values
for the soil-to-skin adherence factor of 1 mg/cm2 and 0.3 mg/cm2 will be used for RME and average
exposures, respectively. The exposure frequency will be the same values used as for adult beach users,
120 days per year (RME) and 40 days per year (average). The exposure duration will be assumed to be 6
years; this value was based on the general child residential exposure duration listed by DEQ (1998). The
exposure equations assume that 100 percent of the contaminants contacted in the residential RME
scenarios was derived from the site. Consequently, the fraction contacted from the contaminated source
was assumed to be 1.0 for these exposure scenarios.

Table 26. Beach User Scenario, Dermal Contact With Sediment (Child)

Equation

Where:
CS
CF

SA
AF

ABS
EF

ED

FC
BW

AT

Intake (mg/kg-day) = CS x CF x SA * AF x ABS * EF x ED x FC
BW*AT

Chemical concentration in sediment (mg/kg)
Conversion factor (10"6 kg/mg)
Skin surface area available for contact (cm2/event)
Soil-to-skin adherence factor (mg/cm2)
Absorption factor (unitless)
Exposure frequency (days/year)
Exposure duration (years)
Fraction contacted from contaminated source (unitless)
Body weight (kg)
Averaging time (days)

Variable Receptor Value (Rationale/Source)
CS

SA

AF

ABS
EF

ED

FC

Child
Child

Child

Child
Child

Child
Child

RME/Average
RME

Average

RME
Average
RME/Average
RME

Average
RME/Average
RME/Average

Exposure point concentration in sediment
7,685 (90'" percentile whole body skin surface area ages 2-6, ERA 1997)

6,880 (50'" percentile whole body skin surface area ages 2-6, ERA 1997)

1 mg/cm2 (DEQ 1998)
0.3 mg/cm (DEQ 1998)
Chemical-specific value (ERA 1998)
90 days/year (Best Professional Judgment)
40 days/year (DEQ 1998)
6 years (DEQ 1998)
1.0 (see text)
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BW

AT

Child

Child
RME/Average
RME/Average

15 kg (average body weight for 0-6 year olds, DEQ 1998)
Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1991)

5.4.1.2.4. On-Site Industrial Scenario

Incidental Ingestion of Sediment. On-site industrial land use is assumed only for portions of the

AOC that are zoned for industrial use. Industrial activities will be assumed to continue in the future. The
exposure assumptions for AOC on-site workers are based on EPA (1991) and DEQ (1998) values (see
Table 27). The sediment ingestion rate will be set at 100 grams/day (RME) and 50 grams/day (average)
based on soil ingestion rates provided by DEQ (1998). The exposure frequency will be set at 250

days/year based on DEQ (1998). The exposure duration will be assumed to be 25 years (RME), based on
DEQ (1998), and 6 6 years (average) based on the central tendency time at a single job (DEQ 1998, EPA
1997). The exposure equations assume that 100 percent of the contaminants contacted in the residential
RME scenarios was derived from the site. Consequently, the fraction ingested from the contaminated
source was assumed to be 1.0 for these exposure scenarios.

Table 27. On-Site Industrial Scenario, Incidental Ingestion of Sediment

Equation

Where:
CS
IR
CF
EF
ED
Ft

BW
AT

Intake (mg/kg-day) = CS * IR x CF * EF * ED * Fl
BW*AT

Chemical concentration in soil (mg/kg)
Ingestion rate (mg soil/day)
Conversion factor (10"6 kg/mg)
Exposure frequency (days/year)
Exposure duration (years)
Fraction ingested from contaminated source (no units)
Body weight (kg)
Averaging time (days)

Variable Receptor Value (Rationale/Source)
CS Adult RME/Average Expos'ure point concentration in soil

IR Adult RME 100mg/day(DEQ1998)
Average 50mg/day (DEQ 1998)

EF Adult RME/Average 250 days/year (DEQ 1998)

ED Adult RME 25 years (DEQ 1998)
Average 6.6 years (central tendency time at a single job; DEQ 1998)

Fl Adult RME/Average 1.0 (see text)
BW Adult RME/Average 70 kg (average adult body weight; DEQ 1998)
AT Adult RME/Average Pathway-specific period of exposure for non-carcinogenic effects (i.e.,

ED x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1991)
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on-site worker exposure factors are based on EPA (1991,
1999) and DEQ (1998) values (see Table 28). The skin surface area (3,300 cm2) for

• includes head, forearms, and hands (EPA1999). The EPA RME and CTE values
adherence factor of 0.07 mg/cm2 will be used. The exposure equations assume that

1 contaminants contacted in the residential RME scenarios was derived from the site.

dermal exposures
for the soil-to-skin
100 percent of the
Consequently, the

fraction contacted from the contaminated source was assumed to be 1 .0 for these exposure scenarios.

• Table 28. On-Site Industrial Scenario, Dermal Contact With Sediment

1

1

1

1

Equation

Where:
CS
CF
SA
AF

ABS
EF

ED
FC
BW
AT

I HQ^̂ I

1
I
1

CS

SA

AF

ABS

EF

ED

FC

BW

AT

1

Intake (mo/ka-dav) = CS x CF x SA x AF x ABS * EF * ED * FC
BW*AT

Chemical concentration in soil (mg/kg)
Conversion factor (10"6 kg/mg)
Skin surface area available for contact ;cm2/event)
Soil-to-skin adherence factor (mg/ cm21

Absorption factor (no units)
Exposure frequency (days/year)
Exposure duration (years)
Fraction contacted from contaminated source (no units)
Body weight (kg)
Averaging time (days)

Receptor
Adult
Adult
Adult
Adult
Adult
Adult

Adult
Adult
Adult

Case
RME/Average
RME/Average
RME/Average
RME/Average
RME/Average
RME

Average
RME/Average
RME/Average
RME/Average

Value (Rationale/Source)
Exposure point concentration in soil
3,300 cm2 (includes face, forearms, and hands; EPA 1999)
0.2 mg/cm2 (EPA 1999)
Chemical-specific value (EPA 1998)
250 days/year (EPA 1991 a)
25 years (DEQ 1998)

6.6 years (central tendency time at a single job; DEQ 1998)
1.0 (see text)
70 kg (average adult body weight; DEQ 1998)
Pathway-specific period of exposure for non-carcinogenic effects (i.e.,
ED x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1991)

5.4.1.2.5. Subsistence Fisher Scenario§
g This scenario may be modified following completion of the fishing practices survey

surface areas may be modified if certain fishing practices indicate that more or less
. For example, skin
body parts may be

• exposed' to sediments.

Adult Dermal Contact with Sediment. Willamette River subsistence fishing is
• throughout the AOC, including downstream areas that may have been affected

assumed to occur
by site activities.

Subsistence fishing activities will be assumed to continue in the future. The exposure assumptions for
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AOC subsistence fishers are based on ERA (1997, 1991) and DEQ (1998) values (see Table 29). The

adult RME male skin surface area (5,960 cm2) for dermal exposures to sediment is the 90th percentile
skin surface area for hands (1,190 cm2', arms (3,390 cm2), and feet (1,450 cm2) provided by ERA
(1997a). The adult male average skin surface area (4,240 cm2) for dermal exposures to sediment is the
mean percentile skin surface area for hands (840 cm2), arms (2,280 cm2), and feet (1,120 cm2) provided
by ERA (1997a). The ERA default value for the soil-to-skin adherence factor of 0.07 mg/cm2 will be used
for RME and average exposures (1999). Based on best professional judgement, the exposure frequency
will be set at 156 days per year (3 days per week) for RME and 52 days per year (1 day per week) for

average scenarios. Based on the adult residential exposure duration listed by DEQ (1998), exposure
duration is 30 years (RME) and 9 years (average). It is assumed that 100 percent of the contaminants
contacted in the residential RME scenarios was derived from the site. Consequently, the fraction
contacted from the contaminated source was assumed to be 1.0 for these exposure scenarios.

Table 29. Subsistence Angler Scenario, Dermal Contact With Sediment

Equation Intake (mq/kg-day) = CS * CF x SA x AF * >4BS x EF x ED x FC
BW*AT

Where:
CS Chemical concentration in sediment (mg/kg)
CF Conversion factor (10~6 kg/mg)
SA Skin surface area available for contact (cm2/event)
AF Soil-to-skin adherence factor (mg/cm2)

ABS Absorption factor (unitless)
EF Exposure frequency (days/year)
ED Exposure duration (years)
FC Fraction contacted from contaminated source (unitless)
BW Body weight (kg)
AT Averaging time (days)

Variable Receptor Case Value (Rationale/Source)
CS
SA

AF
ABS
EF

ED

FC
BW

AT

Adult

Adult

Adult

Adult

Adult

Adult

Adult
Adult

Adult

RME/Average
RME

Average

RME/Average
Average
RME
Average
RME
Average
RME/Average
RME/Average

RME/Average

Exposure point concentration in sediment
5,960 cm2 (based on 90."1 percentile skin surface area for hands
arms [3,390], and feet [1 ,450] for adult males; ERA 1997)

[1,120],

4,240 cm2 (based on mean skin surface area for hands [840], arms
[2,280], and feet [1,120] for adult males; ERA 1997)
0.07 mg/cm2 (ERA 1999)

Chemical-specific value (ERA 1998)
156 days/year (Best Professional Judgment)
52 days/year (Best Professional Judgment)
30 years (DEQ 1997)
9 years (DEQ 1997)
1 .0 (see text)
70 kg (average adult male body weight, EPA 1997)
Pathway-specific period of exposure for noncarcmogenic effects
x 365 days/year) and 70-year lifetime for carcinogenic effects
years x 365 days/year) (EPA 1991)

(i.e., ED
(i.e., 70
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The exposure assumptions for child subsistence fishers in
the AOC are based on ERA (1997, 1991) and DEQ (1998) values (see Table 30). The RME skin surface

• area for children subsistence fishers of 2,127 cm2 is the sum of 90th percentile values for hands (466
cm2), arms (1,107 cm ), and feet (554 cm ). The average skin surface area for children subsistence

1 fishers of 1,904 cm2 is the sum of 50th percentile values for hands (418 cm2), arms (991 cm2), and feet
(496 cm2). Skin surface areas are average

— provided by

values for boys and girls ages 2 to 6 years; data are not
ERA (1997a) for children under 2 years old. The DEQ default values for the soil-to-skin

S adherence factor of 1.0 mg/cm2 and 0.3

respectively. The exposure frequency will be

mg/cm2 will be used for RME and average exposures,
set at 156 days per year (3 days per week) for RME and 52

1 days per year (1 day per week) for average scenarios; these values were based on best professional

judgement. The exposure duration will be assumed to be 6 years as provided by DEQ (1998). The

( exposure equations assume that 100 percent of the contaminants contacted in the residential RME

scenarios was derived from the site. Consequently, the fraction contacted from the contaminated source
was assumed to be 1 .0 for these exposure scenarios.

* Table 30. Subsistence Angler Scenario, Dermal Contact With Sediment (Child)

I

1

i
1w
I mmrnrn

Equation

Where:
CS
CF
SA
AF

ABS
EF
ED

FC
BW

AT

•1 ^^^£y|jjj*̂ ||̂ J

1

1

1

1

CS

SA

AF

ABS
EF

ED

FC

BW

Intake (mg/kg-< iav) = CS x CF x SA x AF x ABS x EFx ED x FC
BW*AT

Chemical concentration in sediment (mg/kg)
Conversion factor (10"° kg/mg)
Skin surface area available for contact (cm2/event)
Soil-to-skin adherence factor (mg/cm2)
Absorption factor (unitless)
Exposure frequency (days/year)
Exposure duration (years)
Fraction contacted from contaminated source (unitless)
Body weight (kg)
Averaging time (days)

Receptor
Child
Child

Child

Child
Child

Child
Child
Child

Case
RME/Average
RME

Average

RME
Average
RME/Average
RME
Average
RME/Average
RME/Average

RME/Average

DRAFT PORTLAND HARBOR Rl/FS WORK PLAN

Value (Rationale/Source)
Exposure point concentration in sediment
2,127 cm2 (based on 90lh percentile skin surface area for hands [466],
arms [1 ,107], and feet [554] for children ages 2-6, ERA 1997)

1,904 cm2 (based on mean skin surface area for hands [418], arms [991],
and feet [496] for children 2-6; ERA 1997)
1 mg/cm2 (DEQ 1998)
0.3 mg/cm2 (DEQ 1998)
Chemical-specific value (ERA 1998)
156 days/year (Best Professional Judgment)
52 days/year (Best Professional Judgment))
6 years (DEQ 1997)
1 .0 (see text)
15 kg (average body weight for children ages 0-6; DEQ 1998)
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Table 30. Subsistence Angler Scenario, Dermal Contact With Sediment (Child)

AT Child RME/Average Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (ERA 1991)

5.4.1.2.6. Recreational Fisher Scenario

This scenario may be modified or deleted following completion of the fishing practices survey. If
recreational fishers do not indicate they have direct contact with sediment while fishing, then this pathway
may be excluded from consideration in the quantitative risk evaluation.

Dermal Contact with Sediment. Willamette River recreational fishing is assumed for the AOC and

also downstream areas (LOF) that may have been affected by site activities. Recreational fishing
activities will be assumed to continue in the future. The exposure assumptions for recreational fishers in
the AOC are based on DEQ (1998) and ERA (1997a, 1991) values (see Table 31). The adult RME skin
surface area (5,960 cm2) for dermal exposures to sediment is based on the 90th percentile skin surface
area for males for hands (1,190 cm2), arms (3,390 cm2), and feet (1,450 cm2) provided by ERA (1997a).
The adult average skin surface area (4,240 cm2) for dermal exposures to sediment is based on the mean
percentile skin surface area for males for hands (840 cm2', arms (2,280 cm2), and feet (1,120 cm2)

provided by ERA (1997a). The ERA default value for the soil-to-skin adherence factor of 0.07 mg/cm2 will
be used for the RME and average exposures (1999). The exposure frequency will be set at 104 days per
year (2 days per week) for RME and 26 days per year (1 day every two weeks) for average scenarios;
these values were based on best professional judgement. The exposure duration will be assumed to be
30 years (RME) and 9 years (average); these values were based on the adult residential exposure
duration listed by DEQ (1998). The exposure equations assume that 100 percent of the contaminants
contacted in the residential RME scenarios was derived from the site. Consequently, the fraction
contacted from the contaminated source was assumed to be 1.0 for these exposure scenarios.

Table 31. Recreational Angler Scenario, Dermal Contact of Sediment

Equation Intake (mg/kg-day) = CS * CF * SA * AF * ABS * EF x ED x FC
BW*AT

Where:
CS Chemical concentration in sediment (mg/kg)
CF Conversion factor (10"8 kg/mg)
SA Skin surface area available for contact (cm2/event)
AF Soil-to-skin adherence factor (mg/cm2)

ABS Absorption factor (unitless)
EF Exposure frequency (days/year)
ED Exposure duration (years)
FC Fraction contacted from contaminated source (unitless)
BW Body weight (kg)
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Variable
CS
SA

AF

ABS

EF

ED

FC

BW

AT

DRAFT

Averaging time (days)
Receptor

Adult
Adult

Adult
Adult
Adult

Adult

Adult
Adult
Adult

Case Value (Rationale/Source)
RME/Average
RME

Average

RME/Average
Average
RME
Average
RME

Average
RME/Average
RME/Average
RME/Average

Exposure point concentration in sediment
5,960 cm2 (based on 90lh percentile skin surface area for hands [1,120],
arms [3,390], and feet [1,450] for adult males; ERA 1997)
4,240 cm2 (based on mean skin surface area for hands [840], arms
[2,280], and feet [1,120] for adult males; ERA 1997)
0.07 mg/cm2 (ERA 1999)
Chemical-specific value (ERA 1998)
365 days/year (Best Professional Judgment)
104 days/year (Best Professional Judgment)
30 years (DEQ 1998)
9 years (DEQ 1998)
1 .0 (see text)
70 kg (average adult body weight; DEQ 1998)
Pathway-specific period of exposure for noncarcmogenic effects (i.e., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (ERA 1991)

5.4.1.3. Toxicity Assessment

The purpose of the toxicity assessment is to compile toxicity data for the COPCs identified in the AOC
and to estimate the relationship between the amount of exposure or dose level of a COPC and the
likelihood of adverse effects. Qualitative descriptions of the potential toxic properties of the COPCs must
also be provided.

5.4.1.3.1. Toxicity Values

Toxicity values that describe the relationship between exposure to a contaminant and the attendant
increased adverse effects will be compiled. The following sources of toxicity values are specified for use
by DEQ rules:

(1) The Integrated Risk Information System (IRIS) database (EPA 1999a) is the preferred source of
information because it contains the most recent toxicity values extensively reviewed by EPA.

i
(2) The Health Effects Assessment Summary Table (HEAST; EPA 1997b) will be consulted if a

toxicity value is not available on IRIS (EPA 1999a). EPA compiled these values for use in risk
assessments; however HEAST values are not as rigorously reviewed as those presented in IRIS.

(3) EPA's National Center for Environmental Assessment (NCEA) values are recommended by
Oregon when values are not available in IRIS or HEAST. One source of NCEA values is the EPA,
Region 9, PRG table (EPA 1999b).

(4) Other EPA documents or databases can be used when appropriate.
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(5) ATSDR Toxicological Profiles and Minimal Risk Levels offer toxicity value information.

(6) Other technical publications may also be consulted.

If toxicity values are not available for a chemical from the sources listed above, selection or derivation
of alternative toxicity values will be required if the chemical is expected to contribute to unacceptable
risks. This evaluation will be performed on a chemical-specific basis. One possible methodology for
selection of alternative toxicity values is use of reference doses and slope factors of structurally similar
compounds as surrogates. For example, the reference dose for naphthalene may be used for
methylnaphthalenes in the absence of other human health toxicity values.

5.4.1.3.2. Assessment of Carcinogens

ERA provides slope factors (SFs) to evaluate cancer risks, which are expressed as risks per milligram
per kilogram per day (mg/kg/day)"1. However, toxicity values for carcinogenic effects are sometimes
expressed in terms of risk per unit concentration of the substance in the medium where human contact
occurs and must be converted to slope factors for use in a risk assessment. For example, oral SFs will be
derived from drinking water unit risks by assuming a 70-kg body weight and a water ingestion rate of 2
liters per day (L/day). Where an absorption fraction of less than 1 has been applied in deriving the unit
risk, an additional conversion factor will be used so that the SF will be based on an administered dose.
The standardized duration assumption for SFs is continuous lifetime exposure. Hence, when no
absorption adjustment is required:

Oral SF (mg/kg/day)'1 = [Water Unit Risk (ng/L)'1x 70 kg x 103 fig/mg] / 2 L/day

5.4.1.3.3. Assessment of Noncarcinogens

The potential for adverse health effects associated with noncarcinogens, such as organ damage,
immunological effects, birth defects, or skin irritation, will be assessed by comparing the estimated
average daily intake (exposure dose) to a reference dose (RfD). RfDs typically are expressed in units of
mg/kg/day. The RfD is an estimate of the daily human intake, including sensitive subgroups, which should
not result in an appreciable risk of deleterious effects. The uncertainty in these estimates may span an
order of magnitude..

RfDs may be derived for chronic and subchronic exposures. Here, chronic RfDs will be employed to
evaluate all potential noncancer health effects for all exposure scenarios, except for the trespasser or
transient residential scenario, with an exposure duration of less than two years. For the trespasser or

transient residential scenario, subchronic RfDs will be used if provided in HEAST.

5.4.1.3.4. Oral-to-Dermal Extrapolation

Because ERA has not promulgated dermal route toxicity values, oral route RfDs and SFs will be used
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to evaluate exposures to substances by the dermal route. Such route-to-route extrapolation has a
scientific basis because the distribution, metabolism, and elimination patterns (biokinetics) of chemicals
are usually similar once they are absorbed, regardless of the exposure route. However, dermal toxicity
values are typically based on an absorbed dose, whereas oral exposures usually are expressed in terms
of an administered dose. Consequently, if adequate data concerning the gastrointestinal absorption of a
COPC are available, then dermal RfDs and SFs may be derived by applying a gastrointestinal absorption
factor to the oral toxicity value.

When dermal toxicity values are unavailable, oral route RfDs and SFs will be modified to assess
dermal exposures to sediment. For dermal exposures, gastrointestinal absorption data will be used to
derive dermal toxicity values from oral toxicity values. ERA recommends this adjustment if toxicity values
are not available specifically for the dermal pathway (EPA 1998, 1989). For example, for dioxin and furan
congeners, EPA recommends assuming 55 percent absorption across the gastrointestinal tract (Farland
1994). Other gastrointestinal absorption values may be found in Attachment L to EPA's Interim Final
Guidance: Developing Risk-Based Cleanup Levels at Resource Conservation and Recovery Act Sites in
Region 10 (EPA 1998). Where reliable chemical-specific absorption values are not available, EPA's
default values of 80 percent for volatile organic compounds, 50 percent for semivolatile organic
compounds, and 20 percent for inorganic compounds will be used (EPA 1998).

Oral to dermal extrapolation is inappropriate if the adverse health effect occurs at the point of
exposure. For example, the oral RfD for copper is based on gastrointestinal tract irritation; therefore,
dermal (and inhalation) route RfDs for copper cannot be extrapolated from the oral RfD.

5.4.1.3.5. Toxicity of Dioxins, Furans, and PCBs

Currently, EPA-verified SFs are not available for polychlorinated dioxin and furan congeners other
than 2,3,7,8-TCDD. EPA recommends use of TEFs to evaluate carcinogenic effects of the other dioxin
and furan congeners. Concentrations of congeners are multiplied by their TEFs to estimate the toxicity of
these congeners relative to 2,3,7,8-TCDD; the resulting concentrations may be summed into a total
2,3,7,8-TCDD toxic equivalent concentration. TEFs currently recommended by EPA for humans are
presented in Table 32; however, EPA is in the process of revising the recommended TEFs in the near
future based on the alternative World Health Organization TEFs; these proposed values are also provided
in Table 32. The most current TEFs will be used in the human health risk assessment and for comparing
concentrations of dioxins and furans in fish tissues to human health TTLs.

No EPA-approved methodology is currently available for evaluation of adverse noncancer health

effects of dioxins and furans. Consequently, evaluation of noncancer effects of dioxins and furans will not
be conducted unless an accepted methodology becomes available prior to performance of the risk
assessment.
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As recommended by ERA (1998, 2000) human health effects of PCBs will be quantitatively evaluated

in three ways. First, some coplanar PCB congeners exhibit dioxin-like toxicity and have been assigned
dioxin TEFs. These congeners will be treated identically to dioxin and furan congeners, and will be
summed into the total 2,3,7,8-TCDD toxic equivalent concentration where data for both dioxin and furan
congeners and PCB congeners are available. r~'

Secondly, PCBs also exhibit nondioxin-like carcinogenicity. Cancer risks associated with total PCBs
/i—i

will be evaluated using the SF for total PCBs. Several SFs are provided in IRIS (EPA 2000) for different

PCB exposure pathways and chlorine content; the most applicable SF (given the food-chain exposures in
the AOC) is currently listed at 2 (mg/kg/day)"1. Concentrations of coplanar PCBs being evaluated for ^
dioxin-like toxicity should be subtracted from the total PCB concentration to avoid double counting the
carcinogenic effects of these congeners (EPA 1996).

Finally, adverse noncancer health effects will be assessed using RfDs available for PCB mixtures.
RfDs are currently available in IRIS for Aroclor 1016 and Aroclor 1254; because environmental mixtures r->
of PCBs found in AOC sediments and biota are likely to more closely resemble the more highly-
chlorinated Aroclor 1254 mixture, the Aroclor 1254 RfD will be used to evaluate noncancer effects of total i—i
PCBs.

Correct use of dioxin, furan, and PCB toxicity values can be confusing, and it is important to take <—,
many technical considerations into account. For example, while concentrations of dioxin-like PCBs may
be subtracted from the concentration of total PCBs for the purpose of evaluating nondioxin-like

f—i

carcinogenicity, this may not be done for the evaluation of adverse noncancer health effects. Also, the
slope factor for total PCBs is specifically identified for use with dermal exposure pathways, so no oral-to-
dermal extrapolation is necessary. However, modification of toxicity values based on gastrointestinal ^
absorption should still be performed for evaluation on noncancer effects and for dioxin-like
carcinogenicity, since the oral toxicity values for these are not specified for use in dermal pathways. Also ,—,
note that the absorption of coplanar PCBs may be different than that of dioxins and furans, and
consequently summing 2,3,7,8-TCDD toxic equivalent concentrations prior to evaluation of absorption
may not be appropriate for dermal exposure pathways.

Several uncertainties associated with PCB SFs and TEFs are discussed by EPA (1996). In some r-,
cases, depending on the specific congeners present in a mixture, evaluation of coplanar PCB congeners
using dioxin TEFs may result in significantly higher estimates of cancer risks than using the SF for total

i—i
PCBs alone.
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Table 32. Dioxins, Furans, and Coplanar PCBs Toxic Equivalency Factors for Human Receptors

Chemical Class

Dioxins

Furans

Coplanar PCBs

Compound

Mono-, di-, and tri-CDDs
2,3,7,8-TCDD

Other TCDDs
2,3,7,8-PeCDD
Other PeCDDs
2,3,7,8-HxCDD
Other HxCDDs
2,3,7,8-HpCDD
Other HpCDDs

OCDD
Mono-, di-, and tri-CDFs

2,3,7,8-TCDF

Other TCDFs
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
Other PeCDFs .
2,3,7,8-HxCDF
Other HxCDFs

2,3,7,8-HpCDFs
Other HpCDFs

OCDF

3,3',4,4'-TCB

3,3',4,4',5-PeCB

3,3',4,4',5,5'-HxCB
2,3,3',4,4'-PeCB
2,3,4,4',5-PeCB
2,3',4,4',5-PeCB
2',3,4,4',5-PeCB

2,3,3',4,4',5-HxCB
2,3,3',4,4',5'-HxCB

2,3',4,4',5,5'-HxCB
2,3,3',4,4l,5,5'-HpCB

2,2',3,3',4,4',5-HpCB
2,2',3,4,4',5,5'-HpCB

TEF

0
1

0

0.5
0

0.1
0

0.01

0
0.001

0

0.1
0

0.05
0.5
0

0.1
0

0.01
0

0.001

00005
0.1

0.01

0.0001
0.0005
0.0001
0.0001

0.0005
0.0005

0.00001
0.0001

0.0001
0.00001

5.4.1.4. Risk Characterization

This section will integrate the information developed in the exposure and toxicity assessment sections
to identify the contaminants of concern and to obtain estimates of the potential risks posed to human
health via nonconsumption exposures within the AOC. The methodology for assessing human health
risks is different between sediment contact exposure pathways and fish or shellfish consumption
pathways. Risk calculations are performed only for the sediment contact pathways. These calculations
are described in the following sections.
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5.4.1.4.1. Potential Cancer Risks

Potential cancer risks will be assessed by multiplying the estimated LADI or absorbed dose of a
carcinogen by its SF. This calculated risk is expressed as the probability of an individual developing
cancer over a lifetime and is an estimated upper-bound, incremental probability.

Potential cancer risks initially will be estimated separately for exposure to each chemical for each
exposure pathway. The separate potential cancer risk estimates will be summed across chemicals and
across all exposure pathways to obtain the total-potential-excess lifetime cancer risk for the potentially
exposed population. This process will be performed for direct contact to sediment exposure scenarios.

Estimated cancer risks will be compared to DEQ's acceptable risk levels of 1 x 1CT6 for human
exposure to an individual carcinogen and 1 x 10~5 for human exposure to multiple carcinogens.

5.4.1.4.2. Noncancer Effects

The potential for adverse effects resulting from exposure to noncarcinogens will be assessed by
comparing the COPC-specific GDI or absorbed dose to its RfD. This comparison will be made by
calculating the ratio of the estimated GDI (or absorbed dose) to the corresponding RfD to yield an HQ:

GDIHQ =
RfD

For example, if the daily intake of a contaminant is equal to the RfD, then the HQ is 1; if the daily
intake is less than or greater than the RfD, the HQ is less than or greater than 1, respectively. HQs for
individual chemicals will be summed to yield hazard indices (His).

HQs will be presented separately for each receptor evaluated, such as beach users, fishers, etc.. The
receptor-specific HQs then will be summed across chemical and exposure pathways for direct contact
with sediment. Separate His for different types of adverse health effects will be calculated only if the
overall His exceed 1. Separate His will not be calculated if most of the HI value is attributable to a single
chemical.

Estimated hazard indices will be compared to DEQ's acceptable risk level of one. Areas exceeding
acceptable risk levels for direct sediment contact scenarios will be considered for remediation in the
Feasibility Study, as described in Section 7.0.

5.4.2. Fish & Shellfish Consumption (4B)

The evaluation of fish consumption risks will not take place at specific sites until tissue levels have
been evaluated in the AOC and comparison areas (Figure 9). To assess risk posed to humans by
consumption of fish, fish tissue samples will be collected throughout the AOC and comparison areas
(Figure 10). AOC fish tissue concentrations (90th percentile) for a given COI are first compared to the
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human TTL for that COI. If there is no exceedance, then fish tissue concentrations (90th percentile) from
the comparison areas are compared to the TTL. Then, if no exceedance exists, no further assessment of
that COI is required. However, if AOC tissue concentrations exceed the TTL, then the evaluation moves
to a site-specific level. If fish tissue concentrations from the comparison areas exceed the TTL, then a
potential non-AOC, nonsediment, currently unidentified source is suspected in the comparison areas.
This information will be shared with the site discovery process. Such comparisons are germane to the
nature and extent determination requirements of the Rl process.

If exceedances are noted for a given COI within the AOC, an attempt is made to find this same COI at
specific sites (Figure 11). If it cannot be found at a known site, then a potential non-AOC, nonsediment,
or unidentified site source is suspected. Again, this comparison is germane to the nature and extent
determination requirements of the Rl process. If a match is made with a known site, but sediment
concentrations of the COI at the site are less than those in the comparison areas, then no further
assessment of that COI at the site is required. Sites with sediment concentrations below those of the
comparison areas should not be cleaned up. If, however, site sediment concentrations exceed those in
the comparison areas, the responsible party calculates an RAO using human TTL and an AOC-wide
BSAF.

To avoid potential inconsistencies, DEQ will convert human TTLs into their RAO equivalents using
either an AOC BSAF calculated from AOC sediment and tissue data. This ensures that the TTL remains a
minimum level of site performance. The responsible party may then accept this RAO, in which case it is
compared to the reference area sediment concentration. If the RAO is less than the comparison area
concentration, then the RAO is set equal to the comparison area sediment concentration and remedy
selection begins. Again, this avoids attempting to cleanup sites to below the concentrations at the
comparison areas. If not, then the calculated RAO is used in the remedy selection process.

If the responsible party chooses not to accept the RAO calculated by DEQ, possibly because there are
site-specific factors that may affect bioavailability and uptake, the option to perform testing necessary to
support a site-specific RAO is available. If site-specific bioaccumulation testing is performed and if uptake
is less than the TTL, no further assessment is required. Otherwise, the bioaccumulation test results are
used to calculate a site-specific BSAF and then a site-specific RAO for that COI. After comparing results
with sediment concentrations from the comparison areas, this site-specific RAO is carried into the remedy
selection process.
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6. PROJECT MANAGEMENT

As noted in Section 3.2, the remedial investigation of the AOC is expected to proceed in phases, with
the detailed scope of work for phases subsequent to Phase 1 determined, in part, by the results of each
preceding phase. DEQ will write detailed work plans for and implement the "Development of Sediment &
Tissue Guidelines" (Section 4.1.6) and "Supplemental SQG Development Data Collection" (Section 4.1.7)
tasks for Phase 1. However, for planning purposes only, DEQ is providing a generic cost (Table 33) and
schedule (Figure 13) estimate for all Phase 1 work. The responsible parties will, with DEQ oversight,
eventually prepare detailed work plans for, as well as implement, all other tasks in Phase 1. Thus actual
tinning of activities and additional levels of detail will be provided in these detailed work plans developed
by the responsible party or parties.

6.1. Costs and Key Assumptions
As shown in Table 33, the development of sediment and tissue guidelines accounts for 27.8% of total

estimated Phase 1 costs. These tasks will be DEQ's responsibility, because these guidelines are a
critical and necessary component of the AOC-wide remedial investigation, these are considered
recoverable costs. The remaining costs of Phase 1, including approximately 27.6% devoted to salmonid-
specific investigations, will be borne directly by the responsible party or parties.

6.2. Schedule

As shown in Figure 13, it is anticipated that all Phase 1 tasks can be completed within one calendar
year from authority to proceed, even allowing for restrictions imposed by the seasonal nature of some
sampling events. The two primary goals will be (1) to complete development of all sediment and tissue
guidelines so that they are available to help further focus Phase 2 investigations and (2) perform sufficient
salmonid-specific work to allow a "proceed / no proceed decision" to be made by the natural resource
trustee with an acceptable degree of confidence.

DRAFT PORTLAND HARBOR Rl/FS WORK PLAN PAGE 153
MARCH 31.2OOO



PHASE 1 COST ESTIMATE

TASK

Benthic Community, SPI

Sample collection

Sample analysis, screening

Sample analysis, detailed

Characterization Surveys

Additional Data Analysis & Mapping

Fish & Shellfish Survey (other than salmon)

Bird & Mammal Survey

Human Use Survey (fishing practices)

Sediment Quality Guidelines

Suplemental Data Collection
Sediment Chemistry

Validation

Data management/evaluation

Bioassay Testing

Validation (or toxicity equivalent)

Data management/evaluation

Sediment samples - labor

Sediment samples - equipment

Guideline Development

Tissue Guidelines

Human Target Tissue Levels (TTLs)

Wildlife Target Tissue Levels (TTLs)

Tissue Screening Concentrations (TSCs)

Sediment Transport & Fate

Sediment Trend Analysis (STA)

Hydrodynamic Modeling (Level 0)

Salmonid-Specific Investigations

Salmonid Habitat

Salmonid Migration

Pilot Biomarker Study

PAH Stomach Content

Bioenergetic Modeling

Number of

Samples

6000

6000

1200

100

100

100

50

50

50

Cost per

Sample

$23

$15

$100

$1,790

$700

$200

$2,000

$650

$450

Total

Task Cost

Estimate

$ 138,000

$ 90,000

$ 120,000

$ 85,000

$ 75,000

$ 75,000

$ 75,000

$ 179,000

$ 70,000

$ 20,000

$ 100,000

$ 32,500

$ 22,500

$ 50,000

$ 25,000

$ 75,000

$ 35,000

$ 60,000

$ 60,000

$ 136,000

$ 77,000

$ 60,000

$ 230,000

$ 250,000

$ 75,000

$ 25,000

$ 2,240,000

Task % of

Total Cost

6.2%

4.0%

5.4%

3.8%

3.3%

3.3%

3.3%

8.0%

3.1%

0.9%

4.5%

1.5%

1.0%

2.2%

1.1%

3.3%

1.6%

2.7%

2.7%

6.1%

3.4%

2.7%

10.3%

11.2%

3.3%

1.1%

100.0%

Task

Subtotal

$ 348,000

15.5%

$ 310,000

13.8%

$ 574,000

25.6%

$ 155,000

'6.9%

$ 213,000

9.5%

$ 640,000

28.6%
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ID Task Name M1
Q4
M2 M3 M4

Q1
MS

02
~M7 I M8~ M9 M10

Q3
M11 M\ M13

Q4
M14 M15

01
M16 I M17

10

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Work Plan

Authority to Proceed

PHASE 1

Benthlc Community SPI

Sample Collection

Sample Analysis (Screening)

Sample Analysis (Detailed)

Characterization Surveys

Additional Data Analysis

Fish & Shellfish Survey

Bird & Mammal Survey

Human Use Survey

Sediment Quality Guidelines

Supplemental Data Collection

Guideline Development

Guideline Review & Approval

Tissue Guidelines

Human TTLs

Wildlife TTLs

Fish TSCs

Sediment Transport & Fate

Sediment Trend Analysis

Hydrodynamic Modeling

Salmonld-Speclfic Investigations

Stakeholder Technical Workgroup

Salmonid Habitat

Salmonid Migration

Pilot Biomarker Study

PAH Stomach Content Analysis

Bioenergetic Modeling

Data Analysis & Interpretation

Proceed Decisions
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7. FEASIBILITY STUDY

7.1. Objectives of the Feasibility Study Work Plan

This section defines the scope of work necessary to complete the FS portion of the work plan, and
summarizes the tasks necessary to:

• Identify and describe the general response actions (GRAs) that meet the remedial objectives
developed in the Rl

• Evaluate each of the response actions to develop a shortlist of remedial action alternatives
(RAAs)

• Recommend a remedial plan including the set of RAAs that best provide a regional solution for
the Lower Willamette River

This serves only as a framework; the FS will be further developed as the Portland Harbor
investigation progresses. It is intended as a placeholder to document specific RAOs resulting from DEQ's
ongoing remedial investigations. It provides information on specific alternatives as well as an evaluation
of potential additional data collection and analysis requirements necessary to conduct the full remedial
alternatives screening process. The scope follows the process outlined by DEQ's Final Guidance for
Conducting Feasibility Studies (DEQ 1998).

The ultimate goal of the FS is to develop a remedial plan that addresses both the AOC and site-
specific areas identified in the Rl. Coordinated regional remedial action for multiple sites will not only be
more cost-efficient, it may also reduce the environmental impact caused by applying multiple site-specific
remediation alternatives. DEQ will direct such coordination through implementation of a regional, AOC-
wide feasibility study.

The final remedial plan will allow DEQ to approve or select remedies based on a comparative
analysis of remedial action alternatives and comparisons to Oregon's remedy selection criteria. Although
some additional data may be collected for the FS, the scope makes use existing data whenever possible
to avoid unnecessary data collection and analysis.

The FS will evaluate the following:

• The protectiveness of the alternative(s) for human health and the environment based upon the
standards set forth in Oregon regulations (OAR 340-122-040)

• The effectiveness, long-term reliability, implementability, implementation risk, and cost
reasonableness of each alternative and of the remedial approach as a whole

• The extent to which known hot spots would be remedied
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The FS will be developed under both state and federal guidelines as discussed briefly in Section 7.2.
The FS process is summarized in Section 7.3, consistent with DEQ (1998). A series of GRAs will be

developed, as discussed in more detail in Section 7.4. The FS can be streamlined by limiting the number
of general response actions justified on factors pertinent to remedy selection criteria established in
Oregon's environmental cleanup law.

The majority of the work conducted during the FS will be the screening of the RAAs to develop a final
regional RAA plan. The screening process may require additional data collection, especially if the RAA
plan includes designation of a disposal site, and will be conducted in tandem with a public outreach
process. A framework for the RAA screening process is discussed in Section 7.5.

7.2. Regulatory Framework

The FS is required when the baseline risk assessment determines that risk to human health or the
environment exceeds acceptable risk levels. The FS is central to DEQ's environmental cleanup process.
DEQ generally follows the process developed by the ERA for completing an FS (EPA 1989). A discussion
of some of the similarities and differences between Oregon's environmental cleanup law and EPA's NCP
is provided in DEQ's FS Guidance (1998).

7.3. Scope of Work for the Feasibility Study

The steps necessary to complete the FS have been defined by DEQ's guidance for conducting
feasibility studies (1998). The scope of work, therefore, is defined by these elements, as shown in Figure
14 (excerpted from DEQ 1998). The FS includes steps to:

• Identify remedial action objectives
• Identify general response actions
• Assemble remedial action alternatives
• Evaluate remedial action alternatives
• Recommend a final remedial action alternatives plan
• Prepare the record of decision

The specific requirements of the FS are not reproduced here. Specific tasks that must be conducted
to fulfill the FS requirements are discussed in the sections that follow. The RAOs will be based on the
results of the baseline ecological and human health risk assessments that determine the chemicals and
pathways of concern in the Rl. GRAs that follow from the objectives must include different types of
alternatives, discussed further in Section 7.4. A preliminary screening eliminates those initial response
actions that are clearly impractical due to high cost, low effectiveness, or low implementability. After the
preliminary screening, remaining RAAs will be assembled for further screening and final selection, the
most time consuming part of the FS process (Section 7.5). After final RAA recommendation, the DEQ will
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prepare a record of decision and implement the optimum remedial plan based on feedback from other
involved agencies, institutions and the public.

Figure 14. Elements of the Feasibility Study

SITE CHARACTERIZATION
(Rem edial

DEVELOP REMEDIAL ACTION ALTERNATIVE
• Identify Rem edial Action
• Identify General Response
• Identify and Screen Remedial
° Assem ble Rem edial Action

REEVALUATE DATA NEEDS
e.g., better define hot

EVALUATE REM EDIAL ACTION ALTERNATIVE!)
• Achievem ent of P rotective
•Balancing of Remedy Selection

Effectivenes
Long-Term
Im plem entabili
Im plem entation
Cost

•Trealm ent of Hot

REEVALUATE DATA NEEDS
., conduct treatability

RECOMMENDED REM EDIAL ACTION ALTERNATIV
"Specify Periodic Reviews or
°S pecify Perm it Exem ptions for Onsite
"Designate Points of
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7.4. General Response Actions

The GRAs will be developed from a standardized set of remedial options, which include no action,
engineering and institutional controls (including upland and nearshore confined disposal facilities),
treatment, excavation and removal with no treatment (including in situ and ex situ capping), or a
combination of these alternatives (DEQ 1998). During the screening process, the potential for beneficial
use associated with these options will also be considered. A matrix of GRAs will be developed, so that
each action can be readily compared. The actions will be evaluated based on three remedy selection

factors: effectiveness, implementability, and cost. This section briefly discusses each type of option and
the potential advantages or disadvantages of each approach for Portland Harbor (Section 7.4.1). The
potential for streamlining the process is then summarized (Section 7.4.2). The result of the initial
screening of GRAs will be a shortlist of RAAs.

7.4.1. Potential General Response Actions for Portland Harbor

7.4.1.1. No Action

The no action alternative will be considered as part of the alternatives screening process and serves
as a baseline for comparison of other potential remedial actions. Although no action will rank high in
implementability and cost, the primary selection factor to be evaluated will be effectiveness. No action can
be implemented if there is a potential for effective natural recovery, including physical or geochemical
attenuation, or biological degradation.

Although it is unlikely that the no action alternative alone will provide a regional remedial solution for
the lower Willamette, this alternative may be selected for certain areas in combination with engineering or
institutional controls to reduce the potential for exposure. In addition, a monitoring plan can also be

developed in tandem with the no action alternative to evaluate the effectiveness of attenuation or
degradation. Evaluation of the no action alternative will require an assessment of the long-term fate of the
sediments as developed in the Rl.

7.4.1.2. Engineering and Institutional Controls

Engineering facilities for contaminated aquatic sediments are designed to prevent or minimize
exposure to contaminants by eliminating or reducing the mobility and migration of those contaminants.
Although retaining walls can be constructed to confine aquatic sediments in situ, sediments are more
commonly removed and placed ex situ in constructed facilities. Sediments may be confined in an
engineered facility in an upland environment, such as a lined landfill; confined in a shoreline environment,
such as in a confined disposal facility (CDF); or they can be used for land creation in an aquatic
environment, such as an island disposal facility. In all of these options, an impermeable surface cap or
overlying layer, of soil or asphalt for example, is generally part of the facility design. The potential
environmental impacts of removing sediment and placing them in a separate facility are discussed further
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in Section 7.4.1.4.

In each of the engineering control options, a monitoring plan must be developed to ensure that no
unacceptable migration of contaminants occurs through hydraulic conductivity, important in upland and
nearshore sites, or through a cap. Because of the potentially large volumes of sediment to be remediated,
a large area for the facility may be necessary, requiring a mitigation plan to be developed for any loss of
existing habitat or land use. Consideration of the engineering controls requires a thorough study of the
feasibility of construction, including permits and environmental impact, and evaluation of sites that are
potentially suitable for beneficial use options. For shoreline CDFs, hydrographic information such as
currents and potential for erosion will be necessary data for the facility siting process.

For material placed in landfills, the sediment is commonly dewatered in a shoreline dewatering
facility. Siting for an appropriate dewatering facility can require as much data evaluation as siting for the
facility itself. A large land area, with direct access to barges, or in close proximity to the dredging site for
hydraulic dredging methods must be available, with sufficient residual sidestream (in this case, interstitial
water) controls. Secondly, the availability of a large area suitable for creating a lined landfill relatively near
the river must be found. Permitting of both the dewatering and landfill facilities adds to the costs of the
upland engineering options. Loss of land area (commonly agricultural in the lower Willamette area)
requiring mitigation or land replacement will also be considered when evaluating the implementability and
cost of this alternative. The DEQ FS process will take advantage of existing upland site screening data
collected by the Portland District of the USAGE (USAGE 1999).

CDFs generally are developed in nearshore urban areas, often in an area with existing contaminated
sediments and intended for continued urban land use. One advantage of this approach is that an existing
degraded area can be improved, while at the same time provide capacity for additional contaminated
sediments. Beneficial use attributes can increase the implementability and cost-effectiveness of this
option. Implementation of a CDF can be more difficult if site construction would result in a loss of existing
resources or habitat. The effectiveness of a CDF is a function of the design, particularly regarding the
type of bulkhead or retaining wall used. This option, as in most others, will require a monitoring plan to
ensure minimal migration of contaminants into either the groundwater or river. The USAGE has already

completed a process of screening nearshore sites (referred to as additional upland sites) for disposal of
dredged material from the Columbia River federal channel (USAGE 1999). The CDF siting process will
use this information as much as possible to ensure cost-effectiveness of the FS screening and siting
process. An entirely aquatic-based engineering remedial action, such as a regional disposal island
located in the active lower Willamette River, would be difficult to implement and have high associated
costs.

In contrast, institutional controls are legal or administrative measures or actions that reduce exposure
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to hazardous substances. Institutional controls can include water use or activity restrictions, including
fishing bans, and are commonly part of other options. For example, sediment removal is often restricted
based on seasonal fish spawns or migration.

7.4.1.3. Treatment

Treatment of contaminated sediments can be used to substantially reduce or eliminate contaminant
mobility and toxicity with the use of in situ or ex situ remedial technologies. Treatment also may include
monitored natural attenuation (ERA 1997) as discussed in the no action section. Most treatment
technologies are specific to types of contaminants and media.

For saturated sediment, the EPA has investigated a variety of treatment alternatives. Treatment
technologies can generally be divided into four categories:

• Physical treatment—dewatering, soil washing, vitrification, and solidification
•• Chemical treatment— solvent extraction, and carbon filtration
• Ion exchange thermal treatment—incineration and thermal desorption
• Biological treatment—manufactured soil, composting, and bio-slurry

A brief description of the technologies that are appropriate for the Willamette River sediments will be
included in the FS.

Most of the treatments require removal and dewatering prior to treatment, so sidestream concerns as
well as siting issues exist. Dredging of sediments and transport of the material to the dewatering facility
has potential environmental impacts. Dewatering facilities require large expanses of open shoreline
located relatively close to the removal site and require a full siting and permitting process.

In terms of implementability, cost, and effectiveness, most treatment technologies are still in a stage
of research and not practicle for large volumes of aquatic sediment. Treatment may be a viable part of a
combination approach and is especially useful for treating sediment hot spots. In fact, for sites containing
hot spots of contamination, the FS must include an evaluation of treatment-based alternatives. A list of
treatment vendors and information sources are provided by DEQ (1988).

7.4.1.4. Excavation and Off-Site Disposal Without Treatment

With sediment excavation and off-site disposal, sediment is dredged and placed in a permitted off-site
facility. Many of these options require construction of an engineered and monitored facility as discussed
in Section 7.4.1.2. Confined off-site disposal includes both confined aquatic disposal sites, as well as
upland options, including lined landfills with caps. Confined aquatic disposal (CAD) sites can include
shoreline CDFs and can provide beneficial use by converting degraded subaerial or subaqueous land to
urban or agricultural land use. CAD sites can also include in situ or ex situ capping of contaminated
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sediments. Capping, the process of covering a deposit of contaminated sediments with a layer of material
suitable for surface exposure, will most likely be part of any excavation and off-site disposal option.. In the
case of a landfill or CDF, the cap layer must consist of useable subaerial cover, which can be either soil
suitable for agricultural use or asphalt or cement suitable for industrial uses.

Aquatic capping is the process of covering a deposit of contaminated sediment in a subaqueous
environment that, as with upland and CDF caps, provides a barrier between the contaminated sediments
and the benthic environment. The CAD approach can be conducted in situ, with the advantage of
minimizing the water quality impact of dredging and transporting the sediments. Shallow-water CAD
construction also can be used beneficially to create nearshore habitat. A CAD site can be constructed ex
situ in an aquatic environment separate from the area to be remediated. Examples of the ex situ CAD
approach include both level-bottom capping, as well as capping in a confined area such a natural
depression or a dredged pit. Level-bottom capping has occurred traditionally at offshore dredged material
disposal sites, with a cap of suitable silt or sand. The implementability of capping contaminated material
at designated ocean disposal sites is potentially low (USAGE 1999). Confined area capping has been
designed using existing borrow pits, or using excavated nearshore, near-channel, or subchannel pits.
Examples and case studies of each of these options will be assessed for the FS. One advantage of the
aquatic CAD approach is that the impacts of removal and placement operations are restricted to the
aquatic environment. A general rule is that each additional transport step that is part of the remediation
process adds to potential water quality impacts during construction.

One of the key design issues for a CAD project is the long-term stability of a capped project; a cap
would not be -effective, for example, in an erosion prone area. Should a CAD-type remedial action
continue to the final screening process, additional siting and baseline monitoring information may need to
be collected. The potential for finding a CAD remedial solution in terms of cost, effectiveness, and
implementability varies greatly for the different types of alternatives. The potential for beneficial use of a
constructed nearshore facility will increase the likelihood of this type of option, although cost and
implementation constraints will be assessed during the disposal siting process.

7.4.1.5. Combination and Development of a Regional Remediation Plan

Typically, a combination of response actions provides the best remedial alternative, especially for a
region-wide solution to contaminated sediments. Therefore, while several GRAs may be incorporated into
the final screening process, a subset of RAAs will eventually be incorporated into a regional remediation
plan as part of the FS. As an example, hot spots may be remediated using treatment technologies, while
engineering and institutional controls may be incorporated to reduce exposure to the remaining
contaminants. The final screened combination of RAAs will be compiled into a regional plan for the
recommendations section of the FS.
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7.4.2. Streamlined Process

The matrix of GRAs, as discussed above, will be evaluated in an initial screening for evaluating the
cost, implementability, and effectiveness of each option. Prior to the initial screening, the FS will be
streamlined by limiting the number of GRAs for which site-specific remedial action alternatives are
developed. The justification for the elimination of GRAs will be addressed in the Rl.

For example, for sites that do not contain hot spots of contamination, treatment may be eliminated if it
is clearly infeasible. Remedial actions relying upon excavation and off-site disposal can be eliminated
from further evaluation if site contaminants cannot be legally managed at an off-site disposal facility due
to land disposal restrictions under RCRA. Alternatives that are clearly infeasible will be removed from
consideration during the follow-on screening process.

7.4.3. Initial Screen and Shortlist of Remedial Action Alternatives

The detailed screening of remedial alternatives will be based on a shortlist of GRAs that are cursorily
evaluated for the purpose of developing an appropriate range of remedial action alternatives. The
response actions will be rated as low, medium, or high with respect to the remedy selection factors of
effectiveness, implementability, and cost. After the initial screening, a final short list of RAAs will be
defined and forwarded for evaluation in the screening process discussed below.

7.5. Screening of the Remedial Action Alternatives
In this phase of the FS, the subset of potential RAAs must be weighed and compared against each

other. The RAA screening process is anticipated to contribute the bulk of the work required for the FS
process. This section details the factors used to screen the alternatives, addresses potential additional
data required, includes a description of the screening and siting process, and provides a discussion of
public involvement in this phase of the FS.

7.5.1. The Screening Process Factors

The factors by which the options will be screened must be defined and prioritized. The factors have
been defined by the DEQ and are only briefly summarized here.

7.5.1.1. Effectiveness

As stated by the DEQ (1998), each remedial action alternative will be assessed for its effectiveness in
achieving protection for human health and the environment by considering the following criteria:

• A quantitative assessment of the risk from untreated sediments or treatment residuals
(sidestream) remaining at the facility, taking into account the volume, toxicity, mobility, propensity
for bioaccumulation, and propensity for sediment degradation

• A qualitative assessment of engineering and institutional controls for managing the risk from
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RAOs defined in the Rl.
The effectiveness criteria will be used to measure RAA performance until the RAOs are achieved and

1

1

1

1

1
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implementation is complete.

7.5.1.2. Long-Term Reliability

According to Oregon regulations (DEQ 1998), each RAA will be assessed for its long-term reliability
by considering the following criteria:

• Reliability of treatment technologies in meeting treatment objectives
• Reliability of engineering and institutional controls necessary to manage the risk from untreated

sediments and treatment residuals, as well as their effectiveness and enforceability over time in
preventing migration of contaminants and managing risks associated with potential exposure

• Nature, degree, and certainties or uncertainties of long-term management, such as operation,
maintenance, and monitoring

• Any other information relevant to long-term reliability

In general, long-term reliability provides an assessment of the RAA's ability to maintain required long-

1

1

1

1

1

1

1

1

1

term level of protection after implementation.

7.5.1.3. Implementability

Although the implementability will be qualitatively assessed during the initial
Oregon regulations (DEQ 1998) state that each RAA shall also be assessed for
implementing the remedial action. Assessment criteria include:

screening of the GRAs,
the ease or difficulty of

• Practical, technical, and legal difficulties and unknowns associated with the construction and
implementation of a technology, engineering control, or institutional control, including potential
schedule delays

• The ability to monitor the effectiveness of the remedy
• Consistency with federal, state, and local requirements; activities needed to coordinate with other

agencies; and the ability and time required to obtain any necessary authorization from other
governmental bodies

• Availability of necessary services, materials, equipment, and specialists, including the availability
of adequate off-site treatment, storage, and disposal capacity and services, and availability of
prospective technologies
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• Any other information relevant to implementability

The assessment of implementability is intended to determine whether, or with how much difficulty, the
RAA can be implemented and whether the alternative's continued effectiveness can be assessed and
verified. Most of the remedial alternatives will be accompanied by a long-term monitoring plan.

7.5.1.4. Implementation Risk

Oregon regulations state that each remedial action alternative shall be assessed for the risk
associated with implementing the remedial action (DEQ 1998). Assessment criteria include:

• Potential impacts on the community during implementation of the remedial action and the
effectiveness and reliability of protective or mitigative measures

• Potential impacts on workers during implementation of the remedial action and the effectiveness
and reliability of protective or mitigative measures

• Potential impacts on the environment during implementation of the remedial action and the
effectiveness and reliability of protective or mitigative measures

• Time until the remedial action is complete
• Any other information related to implementation risk

Evaluation of implementation risk addresses the effects of the alternative during the construction and
implementation phases. Under this criterion, alternatives should be evaluated with respect to their effects
on human health and the environment during implementation of the remedial action. Implementation risk,
also referred to as short-term risk, typically is a qualitative assessment of the various risks or impacts that
may result while implementing the remedy and the ability to manage those risks.

7.5.1.5. Reasonableness of Cost

Each RAA will be assessed for the reasonableness of cost, by considering the following criteria (DEQ
1998):

• Capital costs, including both direct and indirect costs
• Annual operation and maintenance costs
• Costs of any periodic review requirements
• Net present value of all of the above
• Degree to which the costs of the remedial action are proportionate to the benefits to human

health and the environment created through risk reduction or risk management
• The degree of sensitivity and uncertainty of the costs
• Any other information relevant to cost-reasonableness

For the FS, the reasonableness of cost will be addressed by incorporating a first order estimate of the
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overall costs of the remedial alternative. Then, the degree to which the costs are proportionate to the
benefits will be determined by qualitatively comparing the various remedial action alternatives to each
other. Treatment of hot spots will be given a higher threshold of cost reasonableness during the analysis.
Extensive guidance for evaluating costs for RAAs is provided in DEQ's FS Guidance (1998).

7.5.2. Potential Additional Data Collection and the Disposal-Siting Process

If the set of RAAs to be considered include siting of an upland, shoreline, or aquatic disposal site, a
formal siting process will be conducted to compare the environmental, economic, and political impacts of
the evaluated sites. This process will necessitate collecting as much information as feasible if a regional
solution is selected. The outcome of the siting process will be to select the most practicable, cost-effective
sites that have the least environmental impact. To assess impact, existing conditions at the potential
disposal site must be understood, including conditions of the benthic community, fish, presence of
endangered species, etc. These data will be used to optimize selection of a site, assess the need for
mitigation, and provide baseline data for a long-term monitoring plan. If the site is located coincidentally
with an area that is to be remediated, the additional data collection will be minimized by the site
characterization data collected during the Rl.

Much of the information necessary to screen the RAAs will have already been collected during the Rl.
For example, conducting a risk assessment of the remediation alternative of untreated sediments or of
sidestream products (residuals) will be based upon the site characteristic data of that sediment. If an
engineering approach is considered as part of the set of RAA options, a preliminary design may be
required to assess the practical, technical, and legal difficulties and unknowns associated with the
construction and implementation of a technology, engineering control, and potential schedule delays.
Disposal capacity may require subsurface investigations.

7.5.3. The RAA Screening Process

There are two major components of the screening process: comparing and contrasting the RAAs
using the criteria listed above, and evaluating specific sites required for treatment or disposal facilities.
Screening will be conducted by analyzing each RAA using the screening criteria outlined in Section 7.5.2.
Each RAA will be assigned rating factors using both quantitative and qualitative criteria. Both the single
and combination remedial approaches will be evaluated for a potential regional remediation plan. If a
siting analysis is required for dewatering or disposal areas, the siting process will utilize existing land and
water use, environmental, political, and economic data. These data layers will be used to quantitatively
compare and contrast potential sites for remediation activities. The siting process would benefit from a
map-based forum using GIS to evaluate the location of potential disposal sites relative to the location of
other environmental and economic resources. The use of GIS also facilitates provision of the screening
and siting data to the public during the public outreach process.
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7.5.4. Public Outreach

During the screening process, DEQ may choose to develop and implement public outreach efforts to
explain the remedial process, provide information about the screening and siting process, and address
any preliminary public concerns and issues. Any public outreach would be coordinated with DEQ's public
involvement coordinator and the Portland Harbor public involvement plan. Interim public workshops would
allow public involvement prior to announcement of the proposed remedial action. Outreach to the public
will benefit by an effort to show the process of how decisions are made by graphically demonstrating the
selection and siting criteria used to reach the final RAAs.

7.5.5. Final Remedial Plan

After final screening, the most practicable RAAs will be recommended for incorporation into a regional
remedial plan. Consistent with EPA's Contaminated Sediment Management Strategy, DEQ will conduct
the final selection of the most appropriate RAAs. The FS recommendations will include a summary of
the benefits of remediation, the short-term and long-term effects of implementing the remedial action(s),
the feasibility of implementing the remedial action(s), and the costs of remediation.
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9. APPENDIX

9.1. Appendix A: Evaluation of Existing Contaminant Data

This section provides an evaluation of the existing sediment chemistry data for Portland Harbor. The
purpose of this evaluation is to determine what proposed sample locations have been adequately
characterized through past sampling events. Figures 15a to 15h depict the existing samples for the
subareas as described below. Only data sets available in SEDQUAL as of January 2000 were considered
in this data evaluation. The purpose for this is to ensure that only high-quality data that have undergone
quality assurance review were included. It is recognized that additional data sets will be added to
SEDQUAL shortly, including Corps studies of the Willamette River performed in 1999 and data from the
Port of Portland Berths at Terminals 2 and 4. In addition, data is being generated as part of other site-
specific investigations. Additional data review will be performed during Phase 1 of the Rl implementation
to evaluate any of these or other additional data sets that are available.

Because data entered into SEDQUAL have already undergone a quality assurance review, no further
quality review of this data is necessary. Instead, this section reviews the existing data from two
perspectives: first, to determine whether each study sampled for all of the COIs for the Portland Harbor
Rl, and secondly, to determine whether the analyses for these COIs were of sufficient resolution (i.e., with
adequately low detection limits) to meet the Rl data quality objectives. Target Rl detection limits are
presented in the QAPP. Although some portions of the AOC have been extensively sampled in the past,
in some cases only a subset of the COIs were targeted or detection limits were high compared to likely
levels of concern. In these cases, additional sampling of these areas will be required The data from each
of the Portland Harbor investigations currently in SEDQUAL are described in the following sections. Only
data for COIs identified in the PHSMP are discussed; in most cases, these studies analyzed for
substantially more target analytes than are described and presented in the associated tables. For the
ease of discussion, not all dioxin and furan congeners are presented; only 2,3,7,8-TCDD is shown. Since
2,3,7,8-TCDD is the most toxic congener and therefore generally requires the lowest detection, it is
assumed that if data quality objectives are met for this congener that the remainder of the data will be of
comparable quality.

The units presented in the associated tables are NOT consistent for the same parameters across all
studies. The data is shown as it is stored in the SEDQUAL database, which includes a variety of units
depending on how the results were presented in the original studies. All data in SEDQUAL from each
study is included in the following tables and discussions. In some cases, this includes some sample
locations that are not within the AOC. For example, the Corps of Engineers Channel Deepening data
includes some sample locations both upstream and downstream from the AOC. In general, however, the
majority of the samples from each of the studies were collected from within the AOC.
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Figure 15a. Overview of Existing Sampling Locations, RM 3-10
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Figure 15b. Existing Sampling Locations for RM 3-4
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Figure 15c. Existing Sampling Locations for RM 4-5
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Figure 15d. Existing Sampling Locations for RM 5-6
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Figure 15e. Existing Sampling Locations for RM 6-7
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Figure 15f. Existing Sampling Locations for RM 7-8
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Figure 15g. Existing Sampling Locations for RM 8-9
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Figure 15h. Existing Sampling Locations for RM 9-10
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9.1.1. U.S. Moorings 1994 and 1995 Sediment Investigations

This pair of investigations collected samples from between RM #6 and RM #6.5 along the west bank
of the Willamette River. In the 1994 sampling event, fifteen samples were collected, and target analytes
included nearly all COIs with the exception of PCB congeners and herbicides. Analysis for dioxins/furans
was performed on only four samples, however. Some individual COIs such as tetrabutyltin and carbazole
were also not included as target analytes. Detection limits were generally adequate, although some

individual COIs (including PCBs and pentachlorophenol) exceeded the targets by up to an order of
magnitude. In general, these samples are considered adequate for use in the Rl, although additional
samples would be required to characterize dioxin/furan and PCB congener contamination.

The 1995 sampling event collected significantly more samples (approximately 42), but for a more
limited list of target analytes. In the majority of the samples, target analytes included only PAHs,
pesticides, and lead. Butyltins and dioxins/furans analyses were also performed in a limited subset of
samples. No analysis was performed for metals other than lead, PCBs, herbicides, or SVOCs such as
phthalates and phenols. Detection limits were generally adequate, although detection limits for pesticides
in some individual samples exceeded Rl targets by less than an order of magnitude. PAH detection limits
also exceeded targets, but PAHs were so frequently detected that the few non-detect results would not
have a significant effect on the data quality or on estimates of total PAH concentrations. In general these
samples are not considered adequate for use in the Rl and additional samples would be required to
characterize all COIs.

9.1.2. McCormick and Baxter Remedial Investigation Phase I and II

These investigations collected samples from approximately RM 6.5 to RM 7.5, mostly along the east
bank of the Willamette River. The majority of the approximately 70 samples collected in the Phase I
sampling event were analyzed for wood treatment-related contaminants only, including PAHs (including
carbazole), pentachlorophenol, and the metals arsenic, chromium, copper, and zinc. A small subset of the
samples was also analyzed for pesticides, other SVOCs, other metals, and dioxin. No samples were
analyzed for PCBs, herbicides, or butyltins. Detection limits for PAHs and SVOCs were frequently
significantly elevated over target levels, although this generally occurred when samples required dilution

in order to quantitate high concentrations of other analytes. Low detection limits were normally achieved
for all analytes in samples without significant levels of contamination. Overall, these data are generally
acceptable for use in the Rl, although additional samples may be required to characterize analytes
(PCBs, herbicides, butyltins, and metals) for which infrequent or no analysis was performed.

Target analytes in-the Phase II sampling event (of 25 samples) included only PAHs (including
carbazole), pentachlorophenol, and the metals arsenic, chromium, copper, and zinc. Dioxin/furan analysis
was also performed on four samples. No other metals, pesticides, PCBs, herbicides, butyltins, or other
SVOC analyses were performed. The quality of detection limits was comparable to that of Phase I
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samples, with high detection limits in some samples that were diluted due to high concentrations of PAHs.
These data are generally usable in the Rl, although the short list of target analytes will necessitate
additional sampling to characterize all of the COIs.

9.1.3. Portland Shipyard Environmental Audit

This sampling consisted of seven samples from the Swan Island area. Target analytes in these seven
samples included tributyltin in pore water, metals, PAHs, phthalates, and PCBs (not including congeners).
Detection limits were generally below or near Rl target levels, with the exception of a few elevated bis(2-
ethylhexyl)phthalate and di-n-octylphthalate detection limits. Overall, these data are generally usable in
the Rl, although the short list of target analytes would necessitate additional sampling to characterize all
of the COIs in this area.

9.1.4. Portland Shipyard Sediment Investigation

Over 100 samples were collected as part of this study, mostly from approximately RM 8 to RM 9
along the east side of the Willamette River. Metals were target analytes in the most samples from this
investigation; PAHs, SVOCs, and PCBs (not including congeners) were also target analytes in over 80%
of the samples. Analysis for tributyltin in sediment was also performed in 19 samples, tributyltin in pore
water in 52 samples, and analysis for pesticides was also performed on 19 samples. No analysis was
performed for dioxins/furans, herbicides, PCB congeners, or butyltins other than tributyltin. Detection
limits generally met Rl data quality objectives. Overall, these data are generally usable in the Rl, although
additional sampling may be necessary to characterize all of the COIs.

9.1.5. Port of Portland Berth and Mid-Channel Data

Approximately 26 samples were collected from the Willamette River in this studywith locations are
scattered along the length of the AOC. Samples were generally analyzed for metals, PAHs, SVOCs,
pesticides, and PCBs (not including congeners). Analysis for tributyltin in pore water was also performed
on approximately 75% of the samples. No analysis was performed for dioxins/furans, herbicides, PCB
congeners, or butyltins other than tributyltin. Detection limits generally met Rl data quality objectives,
although PAH and SVOC detection limits associated with some individual samples were elevated in
samples that required dilution. Overall, these data are generally usable in the Rl, although additional
sampling may be necessary to characterize all of the COIs.

9.1.6. EPA Portland Harbor Sediment Investigation

Over 200 samples were collected from approximately 150 sample locations, which cover the entire
AOC, but were generally limited to areas adjacent to the banks of the river. Nearly all samples were
analyzed for metals, PAHs, and SVOCs. Slightly over one third of the samples were also analyzed for
pesticides and PCBs (not including congeners), and some samples were also analyzed for butyltins in
bulk sediment and pore water. Only a few samples were analyzed for dioxins/furans and herbicides.
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Detection limits generally met Rl data quality objectives, although PAH, SVOC, pesticide, and PCB
detection limits associated with some individual samples were elevated because of dilution. In general,
these samples are considered adequate for use in the Rl, although additional samples would be required
to characterize dioxin/furan and PCB congener contamination.

9.1.7. Willamette River Channel Deepening Data

Over 50 samples were collected from locations in the Willamette River navigational channel, including
portions of the channel upstream and downstream from the AOC. Samples were analyzed for metals,
PAHs (including 2-methylnaphthalene), PCBs (not including congeners), and some pesticides. A subset

of the samples was also analyzed for tributyltin in pore water. No analysis was performed for
dioxins/furans, herbicides, PCB congeners, butyltins in bulk sediment, or SVOCs. Detection limits met Rl
data quality objectives. Overall, these data are generally usable in the Rl, although additional sampling
may be necessary to characterize all of the COIs.

9.1.8. Willamette River Data (Dames and Moore)

Twelve samples were collected in this study from the Swan Island area. Target analytes in these
samples included tributyltin (in nine of the twelve samples), metals, PAHs, phthalates, and PCBs (not
including congeners). Detection limits were generally below or near Rl target levels, with the exception of
a few elevated bis(2-ethylhexyl)phthalate and di-n-octylphthalate detection limits. Overall, these data are
generally usable in the Rl, although the short list of target analytes would necessitate additional sampling
to characterize all of the COIs.

9.1.9. Characterization of Stormwater Outfalls

Twenty-nine samples were collected near outfalls as part of this study (including some outfalls
upstream of the AOC). Target analytes in these samples included metals, PAHs, SVOCs, PCBs (not
including congeners), and pesticides. Detection limits for organic compounds frequently exceeded Rl
targets by over an order of magnitude; for example, the target detection limits for PAHs and SVOCs in the
Rl are approximately 0.02 mg/kg, while the detection limits for these chemicals in this study mostly
ranged from 0.3 mg/kg to 6 mg/kg. PCB detection limits also exceeded targets by a similar amount.

Because of these elevated detection limits and because this study did not include all COIs to be
evaluated in the Rl, some additional sampling of the outfall areas may be needed to characterize
contamination.

9.1.10. Conclusions

Although a large amount of quality data exists for the AOC, most samples were collected near the
banks of the river, and the samples generally do not include analyses for all COIs. Consequently, some
additional sediment chemistry data is needed in all strata in each 0.5 RM subarea to characterize the
nature and extent of contamination. The following sections detail the samples to be collected as well as
DRAFT PORTLAND HARBOR RI/FS WORK PLAN PAGE 187
MARCH 31.2OOO



I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

DRAFT

areas that have been adequately characterized with existing data.

9.2. Appendix B - Revised Information on Potential Receptors

9.2.1. Benthic Community

There is a lack of information on the nature and extent of benthic communities in and near the AOC.
Only two limited studies of the benthic community in the AOC are currently available.

Limited benthic sampling occurred as part of the Portland Shipyard audit conducted by Cascade
General in January 1998 (Dames & Moore 1998). Five stations were sampled within the shipyard/lagoon
area, three stations were sampled upstream of Swan Island, two were sampled immediately adjacent to
Swan Island, two were downstream offshore of the Reidel property, and two were downstream offshore of
McCormick & Baxter, for a total of 14 stations. Sediment chemistry results are available for most samples.
Benthic organisms were not identified to the species level, but were summarized by taxonomic and
feeding groups, and by whether they are tolerant or intolerant of contamination. Metrics included total
abundance, total number of taxa, dominant taxa, Hilsenhoff Biotic Index (HBI), various diversity
measures, and feeding group metrics. Interpretation of these data was not provided.

A study was conducted by Tetra Tech for Oregon DEQ over a three year period from 1992 to 1994
which included water quality modeling, nutrient loading studies, fish abnormality studies, and benthic
community analysis throughout the Willamette River watershed (Tetra Tech 1994a, 1995). Benthic
studies were conducted for two types of habitats, riffles and soft-bottom habitats. Since no stations with
riffle habitat could be established below Willamette Falls, this habitat type is not discussed here. Soft
bottom benthic samples were collected at six stations below Willamette Falls, at approximately RMs 25,
22, 17, 9 (near Swan Island Bridge), 6.5 (near St, Johns Bridge), and 1 (mouth of Columbia Slough). One
station was near the mouth of Multnomah Channel. Of the stations below Willamette Falls, the Columbia
Slough station was identified as biologically impaired, and the station at RM 22 was considered slightly
impaired. Stations near Swan Island and St John's Bridge were reported to have degraded habitats that
may limit benthic communities, but were not considered impaired. Chemical analyses were not
conducted.

These two studies indicate that the benthic fauna of the AOC is limited, being composed primarily of
oligochaetes and midges (family chironomidae). This is a less diverse community than that found in
upstream reaches of the river. Additionally, the studies suggest that the benthic community in some areas
of the AOC may be impacted. However, the results are not definitive because the studies covered only a
small portion of the AOC and were based on a limited number of sampling sites. Additional information is
needed to determine if this is an AOC-wide phenomenon and if the benthic community in the AOC is
similar to or different from that in other parts of the lower Willamette River.
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9.2.2. Fish & Shellfish

Recent studies of the lower Willamette River have found approximately 39 resident species of fish
from 17 families (Farr and Ward 1993). The study area extended from RM 0 through RM 17. The diversity
of species collected in this survey was higher than any previous study, possibly due to the wide variety of
sampling methods and locations addressed. Many of these species, both resident and migratory, support
sport fisheries in the region.

9.2.2.1. Resident Fish Species

Electrofishing surveys conducted in the Willamette River from 1992 to 1994 show that fish
assemblages vary markedly between the upper and lower regions of the river. Cluster analysis shows
that four distinct fish assemblages can be identified, one of which occurs in the lower Willamette River
(Tetra Tech 1995). Thirteen resident fish species were identified in the lower Willamette River during
these electrofishing surveys. Large scale sucker, bluegill, smallmouth bass, northern pikeminnow,
peamouth, and prickly sculpin were the most abundant resident species collected in this section of the
river. Sport or commercially significant resident species include walleye (Stizostedion vitreum vitreum),
black (Pomoxis nigromaculatus) and white crappie (P. annularis), and. smallmouth bass (Micropterus
dolomieui).

Walleye: Walleye (Stizostedion vitreum vitreum) inhabit the lower Willamette River, possibly up to the
Dexter Dam. The known distribution of walleye in the lower Willamette River reaches to Willamette Falls.
Based on the appearance of juvenile fish, ODFW concluded that reproduction is occurring in the
Columbia River, and upstream to the Willamette Falls. A productive sport fishery currently exists in the
Willamette River upstream of Willamette Falls, and in the Columbia River downstream from downtown
Portland. While the potential carrying capacity of the Columbia and Willamette River walleye is unknown,
it is known that annual fluctuations of walleye popuJation result from changes in river volume during spring
and summer flows (i.e. low river flows yield higher walleye abundance). One concern associated with
walleye abundance is walleye predation on juvenile salmonids.

Black Crappie and White Crappie: Black and white crappie, both non-native species in Oregon,
have established populations in the lower Willamette River. The relative abundance of the two species is
dependent on flow conditions (i.e. black crappie prefer large, clear bodies of water while white crappie
prefer more turbid conditions). Highest concentrations are located in areas characterized by development,
with backwaters directly down stream. Crappie are popular species for some anglers in the lower
Willamette River. Currently, black crappie and white crappie are being managed in Oregon under a "basic
yield" management strategy that involves minimal regulations and little intervention. The extent of
predation on juvenile salmonids by crappie is currently unknown. Analysis of stomach contents of a white
crappie revealed subyearling Chinook, but their diet consists mainly of crustaceans.
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Smallmouth Bass: Smallmouth bass originally appeared in the Columbia and lower Willamette
Rivers in the vicinity of Portland in the 1970's. Smallmouth bass are now established in these areas. Bass

can move freely to or from downstream reaches of the Columbia River, but movement is restricted by the
Bonneville Dam on the Columbia River and Willamette Falls on the Willamette River. The estimated
exploitation rate of smallmouth bass from fishing was determined to be 15.2 percent.

Several other species are present in the Willamette River, but do not support sport or commercial
fisheries. Northern pikeminnow (Ptychicheilus oregonensis), yellow bullhead (Ictalurus natalis), common
carp (Cyprinis carpio), and largescale sucker (Catostomus macrocheilus) are among the fish common
throughout the AOC. The number of carp caught in the AOC increases as water temperature rises (Farr
and Ward 1993). Large scale sucker were the most abundant species collected in ODFW surveys, and
are distributed throughout the entire AOC. Because these fish are abundant and easily caught,
subsistence use by the local population is possible. The northern pikeminnow is also abundant in the
AOC and studies have indicated that this species has been most frequently found in undeveloped areas.

9.2.2.2. Anadromous Fish Species

The lower Willamette River upstream to Willamette Falls provides a juvenile and adult migratory
corridor, and juvenile rearing habitat, for several anadromous fish species. Three runs of Chinook
(Oncorhynchus tshawytscha), two runs of steelhead (O. mykiss), and individual runs of coho (O. kisutch)
and sockeye salmon occur in much of this part of the river. In general, chinook and steelhead populations
are the largest and most widespread of the salmonids found in the Willamette River basin. Cutthroat trout
are also present in the Willamette River, but their abundance is low (Bennett and Foster, 1991). American
shad (Alosa sapidissima), and white sturgeon (Acipenser transmontanus) are also major anadromous
species. Pacific lamprey (Entrosphenus tridentatus) are an important species that migrate through the
lower Willamette River and are harvested for human consumption primarily at Willamette Falls.

Several of the anadromous fish runs (considered evolutionary significant units (ESUs)) in the area
are either listed or proposed for listing under the ESA.

• Steelhead from Willamette River tributaries downstream of Willamette Falls are included in
the Lower Columbia River ESU and were listed as a threatened species in March, 1998.

• Steelhead from Willamette River tributaries upstream of Willamette Falls are included in the
Upper Willamette ESU and were listed as a threatened species in March, 1999.

• Spring chinook salmon from Willamette River tributaries downstream of Willamette Falls are
included in the Lower Columbia River ESU and were listed as a threatened species in March,
1999.
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• Spring chinook salmon from Willamette River tributaries upstream of Willamette Falls are
included in the Upper Willamette River ESU and were listed as a threatened species in
March, 1999.

• Coho salmon from Willamette River tributaries downstream of Willamette Falls are included in
the Lower Columbia River ESU and are a candidate species for listing.

• Sea-run cutthroat in the Willamette River tributaries downstream of Willamette Falls are
included in the Southwestern Washington / Columbia River ESU and are proposed for listing
as a threatened species in March, 1999.

Final listing determinations for proposed species are expected in April, 2000. A threatened species is
one that is likely to become endangered within the foreseeable future.

Salmonids, both adult and juvenile, are common in the lower Willamette during various times of the
year. Chinook and steelhead are most abundant, while cutthroat trout, resident rainbow trout, and
mountain whitefish are least abundant. During the varying stages in salmonids' life cycles, different
habitats are required. The lower Willamette serves as a migration corridor but supplies little spawning
habitat for adult salmonids. Adult salmonids travel in the deeper, higher velocity stretches of the river.
Juvenile salmonids also use the lower Willamette as a migration corridor with typical habitat preference

represented by areas of below average velocity and near-shore shallow waters. Subyearling chinook are
generally not found in water velocities greater than 0.08 feet per second in the Willamette (Knutsen and
Ward 1992). Research performed in 1987 indicated that yearling and sub-yearling salmon may over-
winter in the lower Willamette River (Knutsen and Ward 1991). Yearling and subyearling chinook have

been captured in the lower Willamette three months after a November release (Ward and Nigro 1992).
This suggests juvenile salmonids may have a longer residence duration in the AOC than is indicated by
their migration patterns.

Although juvenile salmonids use similar habitats, the time at which they migrate varies. Juvenile
chinook appear in the lower Willamette near March and continue to enter the river until June, with another
appearance in November (Knutsen and Ward 1992). Coho and steelhead juveniles appear in April; coho
typically remain until May, while steelhead remain through June (Knutsen and Ward 1992). Studies
indicate juvenile chinook and steelhead migrate through the Multnomah Channel instead of the main
Willamette. Conversely, subyearling chinooks use the Willamette for their migration.

Adult salmonid migration periods vary from those of juveniles. Chinook have two distinct runs in the
Willamette; spring and fall. Spring runs occur in early May, with fall runs in mid-September. Adult coho
salmon migrate in late September. Steelhead in the lower Willamette have three runs; summer (late May),
early winter (January), and late winter (April).
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Adult salmonids usually abstain from feeding during migration. Juvenile salmonids actively feed
during migration; their diet mainly consists of aquatic insects such as stoneflies (Plecoptera), true flies
(Diptera), and caddisflies (Tricoptera). Juvenile salmonids may also feed on amphipods, beetles, and
ants.

Chinook: Spring chinook and fall chinook, differentiated by their time of entry into freshwater, use the
Willamette River. The runs are genetically distinct from one another. During their annual migration,
Willamette River spring chinook begin entering the Columbia River during January. Peak densities occur
in late March, with entries tapering off by mid-May. Spring chinook migrate past the site, bound for
upstream tributaries. Spawning takes place in the early fall. Wild juvenile spring chinook reside in fresh
water from 3 to 18 months following egg deposition. Emigration from natal streams occurs during one of
three periods: (1) a movement of fry in late winter and spring soon after emergence (sub-yearlings); (2) a
movement of yearlings in late fall and early winter; and (3) an emigration of smolts the following spring
(Howell et al., 1985). Based on the number and small size of juveniles caught at collection facilities at
Leaburg Dam on the McKenzie River, it is evident that many of the naturally produced spring chinook in
Willamette sub-basins emigrate to the lower reaches of tributaries and the main-stem Willamette River for
completion of rearing before smoltification (Howell et al., 1988; ODFW, 1990). They spend anywhere from
1 to 5 years in the ocean (Bennett and Foster, 1991).

Five large hatcheries currently produce approximately 5 million smolt-size spring chinook for release
into the Willamette River each year, plus additional fingerling salmon to seed underused reservoir and
tributary streams. Current hatchery practices include the release of one-third the annual production as
sub-yearlings in November and two-thirds as moderate sized yearlings (smolts) in March. Sub-yearlings
are released into streams or reservoirs for further rearing. Most of the smolts are released near the adult
collection sites, but some are also trucked to areas within the lower Willamette River to increase survival.

Fall chinook were introduced to the Willamette River in 1964. This sub-species spawns and rears in
the main-stem of the upper Willamette River and lower reaches of east-side tributaries upstream of the
site. Fall chinook begin entering the Columbia and Willamette Rivers in late August and runs taper off by
mid-October. The spawning period typically occurs from mid-September to late October. Wild fry begin
emerging in late December. The migration of wild juveniles peaks the first week of June at Willamette
Falls. Fall chinook juveniles migrate to the Columbia River estuary as sub-yearlings (Howell et al., 1985)
and generally spend 2 to 5 years in the ocean before returning to the Willamette. Runs are supplemented
by the addition of 5 to 7 million smolts each year. Knutsen and Ward's (1991) study of the behavior of
juvenile salmonids migrating through Portland Harbor found that yearling chinook salmon appeared to be
actively migrating through the area. Even during periods of low river flow, they did not spend more than a
few days in the area. Information on the migratory behavior of subyearling chinook is limited. Subyearling
chinook were found in the AOC over a longer period than other species or races of salmonids, probably
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because they actively fed during migration. There was little certainty to what extent they were actively
migrating. Electrofishing catches from 1987 indicated that some juvenile salmonids may over-winter in the
lower Willamette River.

Juvenile (subyearling) chinook salmon are potential receptors for contaminants in the lower
Willamette, and information regarding their migration patterns and residence times is important for risk
assessment. Juvenile chinook salmon from a contaminated urban estuary in Puget Sound, exposed to
PCBs and PAHs, exhibited evidence of immunosuppression (Arkoosh et al., 1991) and may be more
susceptible to disease and ultimately experience an increase in mortality. Juvenile salmon from a
contaminated estuary in Puget Sound, challenged with the marine pathogen Vibrio anguillarum, exhibited
a higher cumulative mortality after exposure to the pathogen than salmon from hatcheries or a non-
urbanized estuary (Arkoosh et al., 1998). Factors that affect health in the early life stages may affect
recruitment to adults. Therefore, mortality during estuarine and early ocean life of juvenile salmon from

increased disease susceptibility induced by immunotoxic compounds may be a factor in year-class
strength for populations with polluted estuaries (Arkoosh, et al., 1998).

Steelhead: Two races of steelhead are present on the Willamette River, winter run and summer run,
each named for the time period in which spawning runs begin. The Willamette River winter steelhead run
occurs during the late winter to spring with adults migrating upstream from February through May;
spawning occurs from March through May. Naturally-spawned juveniles generally spend two years in
freshwater before smelting; out-migration begins in early April and extends through June. Juvenile
steelhead appear to actively migrate through the Portland Harbor area, spending less time in the area
than other juvenile salmonids (Knutsen and Ward, 1991). Runs have been supplemented by hatchery
stocks since the 1960s; in 1991, approximately 565,000 winter steelhead smolts were released in the
Willamette River basin as age 1+ smolts (Bennett and Foster, 1991).

Summer steelhead begin entering the Willamette River starting in early March migrating to spawning
grounds above Willamette Falls. Peak migrations occur from mid-May through June. Adult fish remain in
the river through the fall and spawn during the winter months and the majority of spend two years in
saltwater. Summer steelhead were introduced above Wlllamette Falls in the late 1960's for sport fishing.
Natural production is low and monitored closely by the Oregon Department of Fish and Wildlife to ensure
populations are sustained by hatchery releases and angling regulations. In 1991, approximately 750,000
summer steelhead smolts were released in the Wlllamette River basin.

Coho. This species migrates up the Willamette from late August through early November with peak
numbers beginning in mid to late September. Spawning occurs from September through December and
juveniles out-migrate the following spring. Coho return to freshwater as age-3 adults and age-2 jacks
(precocious male adults). Due to concerns regarding competition between coho salmon and other game
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fish and a lack of contribution to Willamette River fisheries, the management of coho runs has been de-
emphasized (Bennettand Foster, 1991).

Socfceye salmon: Sockeye salmon are not indigenous to the Willamette River. Experimental
releases were conducted in 1966 and 1967 with 143,000 Columbia River sockeye and 243,000 Adams
River (British Columbia) sockeye introduced into up-river reservoirs. Adults from these releases returned
in 1970 and 1971 and were allowed to spawn naturally. No further releases were made as natural
reproduction has continued. Since the first introduction, the population of sockeye salmon in the
Willamette has decreased considerably (Bennett and Foster, 1991). The Willamette River Basin Fish
Management Plan proposes to eliminate the sockeye run from the river.

Sea-run Cutthroat Trout: Sea-run cutthroat trout (Onchorynchus clarki clarki) begin to congregate in
estuaries and tidal water in July, in preparation for their migration. The migration occurs in two groups; the
first begins in July and August, and the second in August and September. Spawning occurs from
December through May, peaking in February. Spawning habitat for cutthroat trout includes shallow riffles
with gentle gradient and clean pea-sized gravel. Very little if any spawning habitat occurs in the AOC.

American Shad: This species is not indigenous to the Willamette River, but was introduced to the
Columbia Basin early in the century. Shad enter the lower Willamette River and migrate upstream to
Willamette Falls from mid-May to mid-July, peaking in June. They rarely use the Willamette Falls fishway
due to structural limitation that inhibit the species from proceeding upstream. Data for sport catch indicate
that shad are abundant in the Willamette River. Shad are broadcast spawners, releasing eggs in open
water, and spawning takes place in the mainstem Columbia River and in the Willamette River below
Willamette Falls. Eggs are spawned in open water, hatch in 3 to 8 days, and are slightly heavier than
water and non-adhesive; they settle to the bottom and are carried along by the current. Larvae hatch in 8
to 12 days and spend their first summer in fresh water. Juveniles drift downstream and enter the ocean in
autumn (Scott and Crossman, 1973), and return to the ocean the first fall after spawning, at a size of 3 to
5 inches.

White sturgeon: This species is plentiful throughout the lower Willamette River and transplants have
established a small resident population above Willamette Falls. Most white sturgeon spawn immediately
below Willamette Falls, upstream of the AOC, during the late fall and winter. Juveniles are present in the
river year round and congregate in the vicinity of the AOC (reference?). Sturgeon have been stocked in
limited numbers (approximately 1,000 to 2,000 per year) above the falls from 1989 to 1992 (Bennett and
Foster, 1991). White sturgeons begin to move into large rivers in the early spring. Spawning generally
occurs in May and continues through June, with eggs hatching in 4 to 14 days. Sturgeons mature in 5 to
11 years and will remain in rivers and estuaries until maturity. Juveniles feed primarily on algae, and
aquatic insects. Once mature, their diet shifts to aquatic invertebrates, shellfish, and amphipods. White
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sturgeon is one of the most popular fish caught by anglers in the lower Columbia River Basin. Because of
its lengthy life period, the white sturgeon can accumulate considerable amounts of contamination. In
addition, white sturgeons are extremely abundant in the Willamette River; in studies conducted in the
lower Willamette, white sturgeons were caught nearly twice as frequently in undeveloped areas as
developed areas. The abundance and human use make sturgeon a species of interest.

Pacific Lamprey: Pacific lamprey are not considered game fish, but are utilized by Native American
populations in the area for subsistence, ceremonial, and medicinal purposes. A lamprey's life cycle is
similar to that of a salmonid, spending its juvenile life stage in freshwater before migrating to a marine
environment. Lampreys spend from 1 to 7 years in freshwater rivers and tributaries. The preferred habitat
of juvenile lamprey is muddy bottoms, backwater, and low gradient areas. Its main food sources are
microscopic plants and animals obtained by filtering mud and water. Consequently, juvenile lamprey are
particularly susceptible to contaminants in sediment. Predators of the juvenile lamprey include gulls,
terns, channel catfish, trout, and crayfish. Juvenile feeding habitats and habitat make them particularly
susceptible to contaminants in sediment. Lampreys begin their emigration in late winter and early spring.
Adult lamprey begin their spawning migration in July, continue through October, survive from reserves,
and do not feed during their spawning migration.

Pacific lamprey are also present in the river and are currently classified as a species of special
concern by the USFWS. USFWS defines species of special concern as those organisms whose
conservation status is of concern, but for which further information is needed. Pacific Lamprey are also
classified by the ODFW as a sensitive specifies (OAR 635-100-040). Oregon defines sensitive species as
naturally reproducing native vertebrates that are likely to become threatened or endangered throughout
all or a significant portion of their range in the state. The sensitive species list is for the express purpose
of encouraging actions that will prevent further decline in species' populations and/or habitats and thus
avoid the need for listing.

9.2.2.3. Shellfish

Information from historical studies indicates the presence of shellfish (mollusk and decapods) in
riverine systems within Oregon, and the northwest U.S. in general. ODFWs annual report on distributions
of fish and crayfish in Clackamas County gives distributions of the crayfish Pacifasticus lenisculus from all
survey areas in three streams, Kellogg, Mt. Scott, and Rock creeks, with abundance highest in summer
months. McCabe et al. (1997) collected benthic invertebrate assemblage information at seven areas
distributed along the lower Columbia River between Rkm 121 and Rkm 211. A range of 17 to 20
taxa/categories were collected from September to April 1989.

Corbicula fluminea (bivalve) was collected most frequently and had highest overall abundance in
main-channel areas of the river. Corbicula distributions in the Columbia River have also been
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documented by McCabe and Hinton (1996), McCabe et al. (1993a), and McCabe et al. (1993b).

Based on field observations, it is known that bivalves and crayfish are present in the Willamette River,
near and within the AOC. The propensity for these species to bioaccumulate contaminants from
sediments, and their potential role in biotransfer to higher level organisms, is relevant to the overall AOC
sediment management strategy. Zappia (1996) and Bell et al. (1997) have shown that Corbicula will
accumulate organic compounds such as DOT, PCBs, and chlordane in aqueous environments, and
McCabe et al. (1993b), showed that Corbicula fluminea was one of the temporally important prey species
for Size Class II white sturgeon in lower reaches of the Columbia River.

9.2.3. Birds & Mammals

Numerous piscivorous birds, migratory waterfowl, and raptors use the lower Willamette River during
various times of the year. Great blue heron, cormorant, osprey, merganser, kingfisher, and bald eagle
routinely forage within the AOC. Both great blue heron and osprey nest sites are located in the vicinity of
the AOC and represent significant potential receptors. There is an active great blue heron rookery on
Ross Island at RM 15. The peregrine falcon (Falco peregrinus), a species recently de-listed (50 CFR Part
17, August 25, 1999) pursuant to the ESA, has been observed residing within the AOC. All of these
species are protected under the MBTA, which prohibits the take, possession, import, export, transport,
selling purchase, barter, or offering for sale, purchase or barter, any migratory bird, their eggs, parts, and
nests, except as authorized under a valid permit (50 CFR 21.11). The bald eagle is also protected under
the Bald Eagle Protection Act of 1940. River otter, nutria, raccoons, and other small mammals may also
use the AOC.

The City of Portland Bureau of Planning performed a wildlife habitat inventory in 1985 (BOP 1986) to
update the 1973 fish and wildlife habitat inventory included in the Lower Willamette River Management
Plan (SRG 1973). In 1973, the vast majority of the AOC was designated as "poor wildlife habitat" with
isolated sections of "fair wildlife habitat". Species diversity for each of the categories of mammals, birds,
and reptiles only exceeded 25 percent (compared with the most diverse part of the study area) in the
vicinity of the west bank at RM 4 and in the upland areas around Mocks Bottom/Swan Island Basin.
Typical species diversity values ranged between 5 to 15 percent for each of the three wildlife categories.

Within the AOC, the 1985 study found one "Rank I" site, 13 "Rank II" sites, and 23 "Rank III" sites.
The rest of the sites were "Rank IV" or "Rank V". Table 34 describes the ranking and identifies six City of
Portland Parks within the Willamette Greenway that corresponds to each ranking.

Two of the deficiencies identified in the 1973 inventory were the generalized rankings used (excellent,
good, fair, poor) and the lack of adequate site-specific detail. In July through September 1985, the City of
Portland conducted field observations along the lower Willamette River for the purposes of updating the
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wildlife habitat information for the Willamette Greenway within Portland's city limits. The new inventory

built upon the earlier one and provided additional information that related to each of the 174 identified
habitat sites within the Greenway. The City of Portland used the Wildlife Habitat Assessment (WHA)
Rating System, developed for the City of Beaverton in 1983. This rating system was approved by the
federal and state agencies involved in the Willamette Greenway.

The City of Portland Bureau of Planning is in the process of selecting a contractor to prepare a
natural resource inventory and a recreational resource inventory of the Willamette River (BOP 1999).
Included in the natural resource inventory will be the following component inventories: (1) wildlife habitat;
(2) ecologically fragile areas; (3) significant natural and scenic areas and vegetative cover; and (4)
previously unmapped outfalls.

Table 34. Description of Habitat Rankings, Lower Willamette River Wildlife Habitat Inventory,
City of Portland Bureau of Planning 1986

Rank Description Example Applied to a
City of Portland Park

Those sites that, if left unaltered, have an extremely significant
combination of features that attract a diverse array of wildlife. The sites
are essentially natural in character, although some disturbance (natural
or human) exists in all of these sites.

Oaks Bottom
Wildlife Park

Those sites that have been moderately altered, or are surrounded by
lands that have been dramatically altered, or are of essentially natural
character but are smaller in size than Rank I sites. These sites also
attract a wide variety of wildlife, but less so than the Rank I sites. These
sites are prime candidates for sensitive development, designed to
preserve their natural character, incorporating it as an amenity for the
site, and for the surrounding land uses.

Kelly Point Park

Those sites that have been greatly altered, or are surrounded by areas
with conflicting land uses that make use of the site by a variety of wildlife
less likely. They still have considerable vegetative character that could
provide significant wildlife habitat for numerous non-game species,
especially birds. Many of these sites could be elevated to Rank II status
by: (a) providing adequate buffering from adjacent uses; (b) creation of
wetlands or other water features; and (c) planting a diverse variety of
wildlife-attracting species of trees, shrubs, and forbs.

Powers Marine Park
McCarthy Park

IV Existing vegetation on sites in these categories currently have relatively
little value, in terms of their ability to attract a wide variety of wildlife
species. Those in Rank IV tend to have higher values than Rank V sites
due to slightly better vegetative cover.

None Identified

V Existing vegetation on sites in these categories currently have relatively
little value, in terms of their ability to attract a wide variety of wildlife
species. Those in Rank V tend to have lower values than Rank IV sites
due to slightly worse vegetative cover.

Willamette Park
Tom McCall

Waterfront Park
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9.2.4. Human Populations

No commercial fisheries for anadromous salmonids are present on the Willamette River. Commercial
fishing in the Willamette River within the AOC is limited to a small Pacific lamprey fishery. There is also a
tribal interest in the lamprey fishery. In contrast, recreational fishing is extremely popular throughout the
lower Willamette basin. Resident species such as largemouth bass, black crappie, white crappie, and
walleye support a significant year-round recreational fishery. Species most desired by most recreational
sport anglers are spring Chinook, steelhead, coho, shad, and white sturgeon. Species preferences for
subsistence anglers are not well documented for the lower Willamette River; however, recent
consumption surveys conducted in areas near the AOC indicate that bottom fish (carp and bullheads) and
panfish (crappie, bluegill) are important species (Adolfson Associates 1995; EVS Environment
Consultants 1999). Spring chinook contribute substantially to the Columbia River sport fishery and
consistently support the largest recreational fishery in the lower Willamette River. The chinook fishery in
the Willamette River occurs between Oregon City and the confluence of the Willamette and Columbia
River and throughout the Multnomah Channel. The AOC is located within this 75-km reach and
recreational angling may occur in the general vicinity. Angling is conducted primarily from anchored or
slow-moving boats. Recently a bank fishery has developed popularity along the Multnomah Channel and
there is an active crayfish fishery in the AOC. Recreational and subsistence anglers, beach users,
swimmers, and boaters (both adults and children) are currently thought of as the human populations most
likely to have sediment-related exposures. Dockyard workers and maintenance personnel, work boat and
marine equipment operator, and divers may also have some limited potential for contact with sediments in
the AOC.

9.3. Appendix C - Sediment Chemistry Data Collection
Section 9.3.1 presents a summary of the required shelf, slope, and channel AOC sediment chemistry

samples. Section 9.3.2 describes the overall sediment chemistry sampling strategy for the AOC,
comparison areas, and candidate reference areas. Section 9.3.3 presents information on the target
parameters for samples.

9.3.1. AOC Data Requirements

The following is a discussion of the sediment chemistry data to be collected in each of the twelve
AOC subareas, based on the existing data summarized above. The overall strategy is to ensure coverage
for all COIs in each stratum of each subarea. However, as described above, some previous studies
provide good data but for only a subset of chemicals. Consequently, in some subareas, samples have
already been collected from all or nearly all of the proposed sample locations in a stratum, but without
some COIs (such as pesticides or PCBs). The cost of resampling of all of these locations to provide data
for every COI would be very high compared to the amount of data to be generated. Consequently, in
these cases, enough samples will be collected so as to ensure at least some coverage for each COI, but

DRAFT PORTLAND HARBOR RI/FS WORK PLAN PAGE 198
MARCH 31.2OOO



DRAFT

not all locations will be sampled.

In addition, sediment chemistry samples must be collected from the same locations as all sediment
toxicity sampling stations. Details on the proposed sediment toxicity testing are described in 4.2.3, but the
following sections include an overview of the proposed toxicity sample locations.

Figures 16a to 16h present a summary of the proposed sampling locations. Note that sample
locations displayed on these figures are not intended to be exact; specific sample locations will be
determined during Phase 1 of the Rl.
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Figure 16a. Overview of Proposed Sampling Locations, RM 3-10

Willamette River Proposed Sampling Locations - Milepost 3-10

N

Proposed Sampling Locations
• Shelf-Full Suite
A Shelf-Full Suite* Tox
V Shelf-Adequate
• Slope-Full Suite
A Slope - Full Suite * Tox
• Channel - Full Suite
A Channel - Full Suite + Tox
v Channel - Adequate
+ River Milepost

A/ 1/10th Mile Divisions
AY East/West River Channel (depth > 401)
/\/ River Channel Slope (depth < 40')
AY Columbia River Datum Line 4

• 'Westin Shore Une '
| Land Parcels "
Willamette River

2 Miles
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Figure 16b. Sampling Locations Proposed for RM 3-4

Willamette River Proposed Sampling Locations - Milepost 3-4

N

Proposed Sampling Locations
• Shelf-Full Suite
A Shelf-Full Suite* Tox
s Shelf-Adequate
• Slope-Full Suite
A Slope - Full Suite + Tox
• Channel • Full Suite
A Channel - Full Suite + Tox
• Channel-Adequate
+ River Milepost

/V 1/10th Mile Divisions
/\/ East/West River Channel (depth > 40')
/\/ River Channel Slope (depth < 40")
A/ Columbia River Datum Line
/V Westin Shore Line
|—H Land Parcels

Willamette River

0.8 Miles
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Figure 16c. Sampling Locations Proposed for RM 4-5

Willamette River Proposed Sampling Locations - Milepost 4-5

Proposed Sampling Locations
• Shelf-Full Suite
A Shelf-FullSuKe + Tox
•s Shelf-Adequate
• Slope - Full Suite
A Slope -Full Suite + Tox
• Channel - Full Suite
A Channel - Full Suite + Tox
s Channel-Adequate
+ River Milepost

/V 1MOth Mile Divisions
A/ East/West River Channel (depth > 40')
/\/ River Channel Slope (depth < 40")
A/ Columbia River Datum Line
A/Westm Shore Line 0___
r_J Land Parcels P"̂ ™

Willamette River

1 Mile
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Figure 16d. Sampling Locations Proposed for RM 5-6

Willamette River Proposed Sampling Locations - Milepost 5-6

N

Proposed Sampling Locations
• Shelf -Full Suite
A Shelf- Full Suite* Tox
s Shelf- Adequate
• Slope - Full Suite 0
A Slope - Full Suite + Tox ••BBHBBIH
• Channel -Full Suite ' ——— ————
A Channel - Full Suite + Tox
• Channel -Adequate
+ River Milepost

/(/ 1/10th Mile Divisions
East/West River Channel (depth > 40')

0.5 1 Mile

/ River Channel Slope (depth < 40")
/\/ Columbia River Datum Une
AY Westin Shore Une
f~| Land Parcels

Willamette River
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I Figure 16e. Sampling Locations Proposed for RM 6-7

_ Willamette River Proposed Sampling Locations - Milepost 6-7
t"n*' '-JL**;*^ y-af

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1̂,:̂ i

Proposed Sampling Locations
• Shelf -Full Suite
A Shelf- Full SuKe + Tox
V Shelf- Adequate
• Slope- Full Suite n
A Slope -Full Suite + Tox u

• Channel- Full Sutte
A Channel - Full Suite + Tox
v' Channel -Adequate
4- River Milepost

A/ 1/10th Mile Division*
/V East/West River Channel (depth > 40')
/ \/ River Channel Slope (depth < 40")

1 Mite

Columbia River Datum Line
A/ Westln Shore Une
r__] Land Parcels
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Figure 16f. Sampling Locations Proposed for RM 7-8

Willamette River Proposed Sampling Locations - Milepost 7-8

N

Proposed Sampling Locations
Shelf -Full Suite
SheW- Full Suite + Tox
Shelf- Adequate
Slope - Full Suite
Slope -Full Suite + Tox
Channel - Full Suite
Channel - Full Suite + Tox

s Channel - Adequate
+ River Milepost

1/10th Mile Divisions
East/West River Channel (depth > 40')

/\/ River Channel Slope (depth < 40")
A/ Columbia River Datum Line
/y Westin Shore Une
| \ Land Parcels

Willamette River

1 Mile
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Figure 16g. Sampling Locations Proposed for RM 8-9

Willamette River Proposed Sampling Locations - Milepost 8-9

Proposed Sampling Locations
• Shelf -Full Suite
A Shelf -Full Suite* Tox
s Shelf- Adequate
• Slope- Full SuKe
A Slope- Full Suite + Tox
• Channel- Full Suite
A Channel - Full Suite + Tox
•s Channel - Adequate
+ River Milepost

1/10th Mile Divisions

1 Mile

/V East/West River Channel (depth > 40')
/\/ River Channel Slope (depth < 40")
/V Columbia River Datum Line
/y Westin Shore Line
[~| Land Parcels

Willamette River
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Figure 16h. Sampling Locations Proposed for RM 9-10

Willamette River Proposed Sampling Locations - Milepost 9-10

Proposed Sampling Locations
• Shetf- Full Suite
A Shelf -Full Suite + Tox
s Shelf-Adequate
• Slope - Full Suite
A Slope - Full Suite + Tox
• Channel • Full Suite
A Channel - Full Suite + Tox
•/ Channel-Adequate
+ River Milepost

1/10th Mile Divisions
East/West River Channel (depth > 40')

/\/ River Channel Slope (depth < 40")
/V Columbia River Datum Line n
/V Westin Shore Line u

I I Land Parcels
Willamette River

N
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9.3.1.1. Subarea RM 3.5 - 4.0

Shelf: No sample results are available for three of the west shelf grid units; consequently, these
samples will be collected from each of these areas. One of these three samples will be analyzed for
sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins
in pore water). Four of the five east shelf grid units have been sampled, but no pesticide or PCB data are
available from any of these samples except for one sample inside the mouth of a terminal berth. The grid
unit that has not been sampled will therefore be sampled for sediment toxicity and the expanded suite of
COIs, and an additional grid unit will be sampled for the standard analytical suite in order to achieve
adequate coverage for all COIs. The total number of shelf sample locations for this subarea for both sides
of the river is five. Of these five, two will receive the expanded suite of COI and bioassay analyses.

Slope: No samples have been collected to date from either slope in this subarea. The existing
bathymetric survey indicates that a well-defined slope does not exist throughout this portion of the Harbor;
consequently, only six slope sample locations can currently be identified. If the acoustic survey indicates
the more widespread presence of a slope area, additional samples will be added in Phase 1 of the Rl up
to the maximum of ten (five per side). One sample per side will be analyzed for sediment toxicity and the
expanded suite of COIs. The total number of slope sample locations for this subarea is six. Of these six,
two will receive the expanded suite of COI and bioassay analyses.

Channel: One sample has been collected from the channel in this subarea. Samples will be collected
from each of the four remaining grid units, including one sample to be analyzed for sediment toxicity and
the expanded suite of COIs.

9.3.1.2. Subarea RM 4.0 - 4.5

Shelf: Sample results are available for each of the five west shelf grid units, although pesticide and
total PCB results are available for only one unit and no dioxin/furan or PCB congener results are available
for any unit. Consequently, samples will be collected from two grid units in this subarea. One of these
samples will be analyzed for sediment toxicity and the expanded suite of COIs (including dioxins/furans,
PCB congeners, and butyltins in pore water), while the other will be analyzed for the standard analytical
suite in order to achieve adequate coverage for all COIs. Discounting results collected from inside
terminal berths, only two of the five east shelf grid units have been sampled, and no pesticide or PCB
data are available from these samples. Consequently, these samples will be collected from each of these
east-side areas. One of these three samples will be analyzed for sediment toxicity and the expanded
suite of COIs (including dioxins/furans, PCB congeners, and butyltins in pore water). The total number of
shelf sample locations for this subarea for both sides of the river is five. Of these five, two will receive the
expanded suite of COI and bioassay analyses.
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Slope: No samples have been collected to date from either slope in this subarea. The existing
bathymetric survey indicates that a well-defined slope does not exist throughout this portion of the Harbor;
consequently, only eight slope sample locations can currently be identified. If the acoustic survey
indicates the more widespread presence of a slope area, additional samples will be added in Phase 1 of
the Rl up to the maximum of ten (five per side). One sample per side will be analyzed for sediment toxicity
and the expanded suite of COIs. The total number of slope sample locations for this subarea is eight. Of
these eight, two will receive the expanded suite of COI and bioassay analyses.

Channel: One sample has been collected from the channel in this subarea. Samples will be collected
from each of the four remaining grid units, including one sample to be analyzed for sediment toxicity and
the expanded suite of COIs.

9.3.1.3. Subarea RM 4.5 - 5.0

Shelf: Sample results are available for four of the five west shelf grid units, although pesticide and
total PCB results are available for only one unit and no dioxin/furan or PCB congener results are available
for any unit. The grid unit that has not been sampled will therefore be sampled for sediment toxicity and
the expanded suite of COIs, and an additional grid unit will be sampled for the standard analytical suite in
order to achieve adequate coverage for all COIs. Discounting results collected from inside terminal
berths, three of the five east shelf grid units have been sampled. Consequently, samples will be collected
from each of the remaining two east-side grid areas. One of these two samples will be analyzed for
sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins
in pore water). The total number of shelf sample locations for this subarea for both sides of the river is
four. Of these four, two will receive the expanded suite of COI and bioassay analyses.

Slope: No samples have been collected to date from either slope in this subarea. The existing
bathymetric survey indicates that a well-defined slope does not exist throughout this portion of the Harbor;
consequently, only five slope sample locations can currently be identified, all on the west side of the river.
If the acoustic survey indicates the more widespread presence of a slope area, additional samples will be
added in Phase 1 of the Rl up to the maximum of ten (five per side). One sample per side will be
analyzed for sediment toxicity and the expanded suite of COIs. The total number of slope sample
locations for this subarea is five. Of these five, one will receive the expanded suite of COI and bioassay

analyses.

Channel: One sample has been collected from the channel in this subarea. Samples will be collected
from each of the four remaining grid units, including one sample to be analyzed for sediment toxicity and
the expanded suite of COIs.
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9.3.1.4. Subarea RM 5.0 - 5.5

Shelf: Sample results are available for four of the five west shelf grid units, although pesticide and
total PCB results are available for only one unit and no dioxin/furan or PCB congener results are available
for any unit. The grid unit that has not been sampled will therefore be sampled for sediment toxicity and
the expanded suite of COIs, and an additional grid unit will be sampled for the standard analytical suite in
order to achieve adequate coverage for all COIs. Four of the five east shelf grid units have been sampled,
but as with the west shelf, pesticide and total PCB results are available for only one unit and no
dioxin/furan or PCB congener results are available for any unit. Consequently, the grid unit that has not
been sampled will be sampled for sediment toxicity and the expanded suite of COIs, and an additional
grid unit will be sampled for the standard analytical suite in order to achieve adequate coverage for all
COIs. The total number of shelf sample locations for this subarea for both sides of the river is four. Of
these four, two will receive the expanded suite of COI and bioassay analyses.

Slope: No samples have been collected to date from either slope in this subarea. The existing
bathymetric survey indicates that a well-defined slope does not exist throughout this portion of the Harbor;
consequently, only three slope sample locations can currently be identified, all on the west slope. If the
acoustic survey indicates the more widespread presence of a slope area, additional samples will be
added in Phase 1 of the Rl up to the maximum of ten (five per side). One sample per side will be
analyzed for sediment toxicity and the expanded suite of COIs. The total number of slope sample
locations for this subarea is three. Of these three, one will receive the expanded suite of COI and
bioassay analyses.

Channel: Three of the five channel grid units have been sampled. Consequently, samples will be
collected from each of the remaining two grid units. One of these two samples will be analyzed for
sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins
in pore water).

9.3.1.5. Subarea RM 5.5 - 6.0

Shelf: Sample results are available for three of the five west shelf grid units. Consequently, samples
will be collected from each of the remaining two grid areas. One of these two samples will be analyzed for
sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins
in pore water). Similarly, three of the five east shelf grid units have been sampled; samples will be
collected from each of the remaining two grid areas. One of these two samples will be analyzed for
sediment toxicity and the expanded suite of COIs. The total number of shelf sample locations for this
subarea for both sides of the river is four. Of these four, two will receive the expanded suite of COI and
bioassay analyses.
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Slope: The existing bathymetric survey does not indicate that a well-defined slope exists at any point

in this portion of the Harbor. Near RM 5.5, the channel is wide enough that it is possible no real slope is
present, but near RM 6.0 (around the St. John's Bridge) the channel narrows and an unmapped slope is
likely. The acoustic survey to be performed in Phase 1 of the Rl will need to determine the exact
presence of the slope, but currently its presence will be assumed on each of the two most upstream grid
units on each side of the river. Samples will be collected from each of these four grid areas. One of the

samples on each side of the river will be analyzed for sediment toxicity and the expanded suite of COIs
(including dioxins/furans, PCB congeners, and butyltins in pore water). If the acoustic survey indicates
additional slope is present, additional samples will be added up to the maximum often (five per side).

Channel: One sample has been collected from the channel in this subarea. Samples will be collected
from each of the four remaining grid units, including one sample to be analyzed for sediment toxicity and
the expanded suite of COIs.

9.3.1.6. Subarea RM 6.0 - 6.5

Shelf: Sample results are available for each of the five west shelf grid units, but no dioxin/furan or
PCB congener results are available for any unit. Consequently, one additional sample will be collected
and analyzed for sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB
congeners, and butyltins in pore water). Four of the five east shelf grid units have been sampled. A
sample will be collected from the remaining unit and will be analyzed for sediment toxicity and the
expanded suite of COIs. The total number of shelf sample locations for this subarea for both sides of the
river is two, both of which will receive the expanded suite of COI and bioassay analyses.

Slope: The existing bathymetric survey does not indicate that a well-defined slope exists at any point
in this portion of the Harbor. However, the channel is relatively narrow throughout this subarea, so a slope
is likely to exist throughout much of the subarea. The acoustic survey to be performed in Phase 1 of the
Rl will need to determine the exact presence of the slope, but currently the presence of the slope will be
assumed on each of the grid units on each side of the river. Samples will be collected from each of these
ten grid areas. One of the samples on each side of the river will be analyzed for sediment toxicity and the
expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins in pore water). If the
acoustic survey indicates that slope is not present in some grid areas, these samples will be deleted,
although at least one sample from each side of the river should be analyzed for sediment toxicity and the
expanded suite of COIs if possible.

Channel: Two samples have been collected from the channel in this subarea. Samples will be
collected from each of the three remaining grid units, including one sample to be analyzed for sediment
toxicity and the expanded suite of COIs.
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9.3.1.7. Subarea RM 6.5 - 7.0

Shelf: Sample results are available for four of the five west shelf grid units. One sample will be
collected from the remaining grid unit and analyzed for sediment toxicity and the expanded suite of COIs
(including dioxins/furans, PCB congeners, and butyltins in pore water). Four of the five east shelf grid
units have also been sampled. A sample will be collected from the remaining unit and will be analyzed for
sediment toxicity and the expanded suite of COIs. The total number of shelf sample locations for this
subarea for both sides of the river is two, both of which will receive the expanded suite of CO! and
bioassay analyses.

Slope: The existing bathymetric survey indicates that a well-defined slope exists only in a small
portion of the west side of this subarea. However, the channel is relatively narrow throughout this
subarea, so a more extensive slope is likely to exist. In addition, recent sampling near the McCormick and
Baxter site indicated the presence of a significant, albeit steep, slope area. The acoustic survey to be
performed in Phase 1 of the Rl will need to determine the exact presence of the slope, but currently the
presence of the slope will be assumed on each of the grid units on each side of the river. Samples will be
collected from each of these ten grid areas. One of the samples on each side of the river will be analyzed
for sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and
butyltins in pore water). If the acoustic survey indicates that slope is not present in some grid areas, these
samples will be deleted, although at least one sample from each side of the river should be analyzed for
sediment toxicity and the expanded suite of COIs if possible.

Channel: Three of the five channel grid units in this subarea have been sampled. Consequently,
samples will be collected from each of the remaining two grid units. One of these two samples will be
analyzed for sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners,
and butyltins in pore water).

9.3.1.8. Subarea RM 7.0 - 7.5

Shelf: Sample results are available for each of the five west shelf grid units, and adequate coverage
exists for all COIs. However, one sediment toxicity sample will be collected from the shelf in this subarea,
and sediment chemistry analysis must be performed in conjunction with the bioassays. Consequently,
one sample will be collected and analyzed for sediment toxicity and the expanded suite of COIs (including
dioxins/furans, PCB congeners, and butyltins in pore water). Each of the five east shelf grid units has also
been sampled. As with the west slope, one sample will be collected and analyzed for sediment toxicity
and the expanded suite of COIs. The total number of shelf sample locations for this subarea for both
sides of the river is two, both of which will receive the expanded suite of COI and bioassay analyses.

Slope: The existing bathymetric survey indicates that a well-defined slope exists only on the west
side of this subarea. However, the channel is relatively narrow throughout this subarea, so a more
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extensive slope is likely to exist. In addition, recent sampling near the McCormick and Baxter site
indicated the presence of a significant slope area. The acoustic survey to be performed in Phase 1 will
need to determine the exact presence of the slope, but currently its presence will be assumed on each of
the grid units on each side of the river. Samples will be collected from each of these grid areas with the
exception of the single known grid area on the west slope that has existing data. One of the samples on
each side of the river will be analyzed for sediment toxicity and the expanded suite of COIs (including
dioxins/furans, PCB congeners, and butyltins in pore water). If the acoustic survey indicates that slope is
not present in some grid areas, these samples will be deleted, although at least one sample from each
side of the river should be analyzed for sediment toxicity and the expanded suite of COIs if possible. The
total number of currently proposed samples from this area is nine.

Channel: Two of the five channel grid units in this subarea have been sampled. Consequently,
samples will be collected from each of the remaining three grid units. One of these two samples will be
analyzed for sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners,
and butyltins in pore water), while the other two will be analyzed for the standard suite of COIs.

9.3.1.9. Subarea RM 7.5 - 8.0

Shelf: Although sample results are available for each of the five west shelf grid units, samples from
three of these units were collected only in and around terminal berths. Consequently, additional samples
will be collected from these three units outside of the berths. One sample will be collected and analyzed
for sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and
butyltins in pore water), and the other two samples will be analyzed for the standard COIs. Two of the five
east shelf grid 'units have also been sampled; additional samples will be collected from the remaining
three units. One sample will be collected and analyzed for sediment toxicity and the expanded suite of
COIs, and the other two samples will be analyzed for the standard COIs. The total number of shelf
sample locations for this subarea for both sides of the river is six, of which two will receive the expanded
suite of COI and bioassay analyses.

Slope: The existing bathymetric survey indicates that a well-defined slope exists only on the west
side of this subarea. However, additional slope is likely to exist on the east side of the river, at least until
the portion of the river where the channel widens approaching Swan Island. The acoustic survey to be
performed in Phase 1 of the Rl will need to determine the exact presence of the slope, but currently its
presence will be assumed on each of the grid units on the west side of the river and the two farthest
downstream units from the east side of the river. Samples will be collected from each of these grid areas
with the exception of the single known grid area on the west slope that has existing data. One of the
samples on each side of the river will be analyzed for sediment toxicity and the expanded suite of COIs
(including dioxins/furans, PCB congeners, and butyltins in pore water). If the acoustic survey indicates
that slope is not present in some grid areas, these samples will be deleted, although at least one sample
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from each side of the river should be analyzed for sediment toxicity and the expanded suite of COIs if
possible. The total number of current slope sample locations for this subarea is six. Of these six, two will
receive the expanded suite of COI and bioassay analyses.

Channel: Sample results are available for each of the five channel grid units, and generally adequate
coverage exists for all COIs. However, one sediment toxicity sample will be collected from the channel in
this subarea, and sediment chemistry analysis must be performed in conjunction with the bioassays.
Consequently, one sample will be collected and analyzed for sediment toxicity and the expanded suite of
COIs (including dioxins/furans, PCB congeners, and butyltins in pore water).

9.3.1.10. Subarea RM 8.0 - 8.5

Shelf: Sample results are available for three of the five west shelf grid units. Consequently, samples
will be collected from each of the remaining two grid areas. One of these two samples will be analyzed for
sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins
in pore water). Discounting samples in the mouth of the Swan Island channel, two of the five east shelf
grid units have also been sampled; additional samples will be collected from the remaining three units.
One sample will be collected and analyzed for sediment toxicity and the expanded suite of COIs, and the
other two samples will be analyzed for the standard COIs. The total number of shelf sample locations for
this subarea for both sides of the river is five, of which two will receive the expanded suite of COI and
bioassay analyses.

Slope: The existing bathymetric survey indicates that a well-defined slope exists only on the west
side of this subarea. Additional slope may exist on the east side of the river, although the channel closely
approaches Swan Island so the slope may not be present for much of this subarea. The acoustic survey
to be performed in Phase 1 of the Rl will need to determine the exact presence of the slope, but currently
its presence will be assumed to exist only on the west side of the river. Samples will be collected from
each of the slope grid areas. One of the samples will be analyzed for sediment toxicity and the expanded
suite of COIs (including dioxins/furans, PCB congeners, and butyltins in pore water). If the acoustic
survey indicates that slope is present on the east side of the river, additional slope sample locations will
be added, including one sample to be analyzed for sediment toxicity and the expanded suite of COIs. The
total number of current slope sample locations for this subarea is five. Of these five, one will receive the
expanded suite of COI and bioassay analyses.

Channel: Excluding channel areas in the mouth of the Swan Island channel, a sample result is
available for only one of the channel grid units in this subarea. Consequently, samples will be collected
from each of the four remaining grid units, including one sample to be analyzed for sediment toxicity and
the expanded suite of COIs.
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9.3.1.11. Subarea RM 8.5-9.0

Shelf: Sample results are available for two of the five west shelf grid units. Consequently, samples
will be collected from each of the remaining three grid areas. One of these samples will be analyzed for
sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins
in pore water), and the remaining two will be analyzed for the standard suite of COIs. Two of the five east
shelf grid units have also been sampled; additional samples will be collected from the remaining three
units. One sample will be collected and analyzed for sediment toxicity and the expanded suite of COIs,
and the other two samples will be analyzed for the standard COIs. The total number of shelf sample
locations for this subarea for both sides of the river is six, of which two will receive the expanded suite of
COI and bioassay analyses.

Slope: The existing bathymetric survey indicates that a well-defined slope exists only on the west
side of this subarea. Additional slope may exist on the east side of the river, although the channel closely
approaches Swan Island so the slope may not be present for much of this subarea. The acoustic survey
to be performed in Phase 1 of the Rl will need to determine the exact presence of the slope, but currently
the presence of the slope will be assumed to exist only on the west side of the river. Existing data is
available for two of the five slope units; additional samples will be collected from the remaining three
units. One sample will be collected and analyzed for sediment toxicity and the expanded suite of COIs,
and the other two samples will be analyzed for the standard COIs. If the acoustic survey indicates that
slope is present on the east side of the river, additional slope sample locations will be added, including
one sample to be analyzed for sediment toxicity and the expanded suite of COIs. The total number of
current slope sample locations for this subarea is three. Of these three, one will receive the expanded
suite of COI and bioassay analyses.

Channel: A sample result is available for only one of the channel grid units in this subarea.
Consequently, samples will be collected from each of the four remaining grid units, including one sample
to be analyzed for sediment toxicity and the expanded suite of COIs.

9.3.1.12. Subarea RM 9.0 - 9.5

Shelf: Sample results are available for one of the five west shelf grid units. Consequently, samples
will be collected from each of the remaining four grid areas. One of these samples will be analyzed for
sediment toxicity and the expanded suite of COIs (including dioxins/furans, PCB congeners, and butyltins
in pore water), and the remaining three will be analyzed for the standard suite of COIs. No sample results
are available for the east shelf. Consequently, samples will be collected for each of the five grid units.
One sample will be collected and analyzed for sediment toxicity and the expanded suite of COIs, and the
other four samples will be analyzed for the standard COIs. The total number of shelf sample locations for
this subarea for both sides of the river is eight, of which two will receive the expanded suite of COI and
bioassay analyses.

DRAFT PORTLAND HARBOR Rl/FS WORK PUS.N PAGE 215
MARCH 31.2OOO



I
I
I
I
I
I

I
I
I

I
I
I
I
I
I
I
I

DRAFT

Slope: The existing bathymetric survey indicates that a well-defined slope exists mostly on the west
side of this subarea. Additional slope may exist on the east side of the river, although the channel closely
approaches Swan Island so the slope may not be present for much of this subarea. The acoustic survey
to be performed in Phase 1 of the Rl will need to determine the exact presence of the slope, but currently
the presence of the slope will be assumed to exist on the west side of the river and in the two most
upstream grid units on the east side. Existing data is available for one of the five slope units on the west
side; additional samples will be collected from the remaining four west units and two east units. One
sample from each side will be collected and analyzed for sediment toxicity and the expanded suite of
COIs. If the acoustic survey indicates that slope is present over more the east side of the river, additional
slope sample locations will be added. The total number of current slope sample locations for this subarea
is six. Of these six, two will receive the expanded suite of COI and bioassay analyses.

Channel: A sample result is available for two of the channel grid units in this subarea. Consequently,
samples will be collected from each of the three remaining grid units, including one sample to be
analyzed for sediment toxicity and the expanded suite of COIs.

9.3.1.13. Summary

Table 35 presents a summary of proposed sediment chemistry samples by AOC subarea; Table 36
presents a summary of sediment chemistry and bioassay samples for all areas. This total number of
samples may be revised in Phase 1 of the Rl, if additional existing data becomes available and if acoustic
surveying indicates that the surface morphology of the Willamette River sediments are different than what
is presented above. Figures 16a to 16h graphically depict the approximate locations of proposed
sediment samples required to meet the objectives of the remedial investigation. The exact location of the
proposed sediment samples will be determined during Phase 1 based upon the results of the acoustic
survey and sediment profile imaging investigation.

Table 35. Summary of Proposed AOC Sediment Samples

Subarea

RM 3.5 -4.0

RM4.0-4.5

RM 4.5 - 5.0

RM 5 0-5.5

RM 5.5-6.0

RM 6.0 -6.5

RM 6.5 -7.0

RM 7.0 -7.5

RM 7.5 -8.0

RM 8. 0-8.5

RM 8.5-9.0

RM 9.0 -9.5

Beach Samples

2
2
2
2
2
2
2

2

2

2

2

2

Shelf Samples

5(2)

5(2)

4(2)

4(2)

4(2)

2(2)

2(2)

2(2)

6(2)

5(2)

6(2)

8(2)

Slope Samples

6(2)

8(2)

5(1)

3(1)

4(2)

10(2)

10(2)

9(2)

6(2)

5(1)
3(1)

6(2)

Channel Samples
4(1)

4(1)

4(1)

2(1)

4(1)

3(1)

2(1)

3(1)

1(1)
4(1)

4(1)

3(1)
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____Total:____|
GRAND TOTAL: 190 (56)

24 53 (24) 75 (20) 38(12)

Notes:

Numbers in parentheses indicate numbers of samples to be analyzed for the expanded suite of COIs,
including dioxins/furans, PCB congeners, and butyltins in pore water, as well as for toxicity bioassays.
Numbers outside parentheses indicate number of samples to be analyzed for the standard suite of COIs.

Beach sample analyses assume one beach per river side per subarea; actual number of beaches may be
higher or lower.

Approximately 12 comparison areas and 6 candidate reference areas will be sampled, with up to 9
samples per area, for a total of up to 162 samples.

Table 36. Proposed Number of Sampling Locations for Bulk Sediment
Chemistry, Porewater, and Bioassays

Area

Reference Areas

Comparison Areas

AOC-Beaches

AOC-Shelves

AOC-Slopes

AOC-Channel

Number
of Areas

6

12

12"

12

12

12

Sampling
Locations per Area

9

9

2"

2 to 8

3to10

1 to 4

TOTALS

Number of Sampling Locations

Bulk Sediment
Chemistry*

54

108

24

53

75

38

352

Porewater11

54

108

0

24

20

12

218

Bioassays1

54

108

0

24

20

12

218

3 Metals, butyltins, PAHs, SVOCs, pesticides, and PCBs at all locations. In addition, (1) chlorinated
herbicides at AOC locations near known sources and (2) PCB congeners and dioxins/furans at 20% of
locations in each AOC sub-area. For comparison, in each comparison and reference area, up to three
samples also will be analyzed for PCB congeners and dioxins/furans.

"Ammonia, sulfide, and pH at locations were bioassay samples are collected. Butyltin compounds at 20%
of all locations (see Section 4.1.2).

0 28-day Hyalella azteca test, 10-day Chironomus tentans test, and Microtox at 100% of locations in
comparison and reference areas and at 20% of AOC locations (see Section 4.2).
d Estimated; number of beaches may vary from subarea to subarea.

Key: AOC = Area of Concern
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9.3.2. Sample Collection

The AOC will be divided into twelve 0.5-mile sub-areas. In each sub-area, sediment samples for
chemical analysis will be collected from beaches (if present), shelf, slope, and channel, as described in
Sections 4.2.2.2.1 to 4.2.2.2.4, respectively. Sample collection at the comparison and candidate
reference areas is described in Section 4.2.2.2.5.

9.3.2.1. Beaches

For beaches, composite samples will be collected because these will be more representative of what
recreational beach users are exposed to over time. For each 0.1-mile stretch of beach, 10 locations will
be composited into a single sample. If the beach is less than 0.1 mile in length, then 10 locations will still
be sampled for the composite. Furthermore, the areas must have a human use component (i.e., beach
use, fishing spots, or boat launches) as described in Section 5.4.1. Surficial material between 0 and 15
cm (i.e., 0-6 inches) will be collected. Not all 0.5-mile sub-areas in the AOC will have a beach or other
human use area, and some areas may have more than one.

9.3.2.2. Shelf

The shelf is the shallow area along each bank of the river that is not dredged and is typically
submerged, even during low flow conditions. In each sub-area, a maximum of five shelf samples are
proposed for each side of the river where the shelf is present. The samples will be located in grid cells,
0.1 mile in length. Only surface sediment (0-10 cm) will be sampled from the shelves.

9.3.2.3. Slope

In each sub-area, a maximum of five slope samples are proposed for each side of the river where the
slope is present. The samples will be located in grid cells, 0.1 mile in length. Only surface sediment (0-10
cm) will be sampled from the slope. Because this area has been the focus of few earlier investigations,
characterization of the nature and extent of contamination on the slope is needed. Because the slope
represents a larger area of river bottom than the shelf, five samples per side results in a lower sample
density than on the shelf. However, this is considered acceptable because the potential for sediment
contact for human and ecological receptors is lower than on the shelf, and the area is presumed to be
more homogeneous than the shelf.

9.3.2.4. Channel

In each AOC sub-area, collection of a maximum of five channel samples is proposed. These will not
be collected from the exact middle of the river. Instead, one sample will be randomly collected from the
channel bottom within each 0.1 mile segment of each sub-area. Only surface sediment (0-10 cm) will be
collected. No collection of subsurface sediment is proposed. Any subsurface contamination in this portion
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of the river is assumed to be the responsibility of the USAGE, which is responsible for channel dredging.

Collection of five samples from the channel in each sub-area results in a lower sampling density than on
either the shelf or slope. However, this is considered acceptable because human contact with channel
sediment is not anticipated and the channel sediments are presumed to be relatively homogeneous.

In summary, up to 25 surface sediment samples (excluding beach samples) will be collected from
each AOC sub-area: ten shelf samples, ten slope samples, and five channel samples. The total of 25
samples per sub-area will be decreased based on data from previous investigations that meets project
DQOs (see Section 3.1.8). The number of beach samples will vary from one sub-area to the next,

depending on the human-use characteristics of each sub-area and whether or not a defined beach exists
within each sub-area.

9.3.2.5. Comparison and Candidate Reference Areas

Comparison areas and candidate reference areas will be sampled similarly to characterize sediment
chemical levels. At each area, a maximum of nine surface sediment samples (0-10 cm) will be collected.
Three samples will be collected from each major grain size regime, fine (>70 percent fines), medium (30-
70 percent fines), and coarse (<30 percent fines), that corresponds to a regime present in the AOC, up to

three regimes per area. No subsurface sediment samples will be collected from these areas.

9.3.3. Sample Analysis

All bulk sediment samples will be analyzed for the COIs identified in the PHSMP (see Tables 1 and 2
in this work plan). These are: selected metals, butyltins, PAHs, selected SVOCs, selected pesticides, and
PCBs. In addition, bulk sediment samples will be analyzed for: (1) chlorinated herbicides at AOC
locations near known sources and (2) PCB congeners and dioxins/furans at 20 percent of sampling
locations in each AOC sub-area. For comparison, in each comparison and candidate reference area, up
to three samples (one sample from each major grain size regime, up to three regimes per area) also will
be analyzed for PCB congeners and dioxins/furans. To help interpret the sediment chemistry data,
conventional parameters, such as total organic carbon (TOC) and grain size, also will be measured in
bulk sediment.

A limited number of sediment porewater analyses will be conducted. These are: (1) butyltin
compounds at 20 percent of the locations in the AOC and 100 percent of the locations in comparison and

candidate reference areas; and (2) pH, ammonia, and sulfide at locations where sediment toxicity tests
are performed. Porewater will be separated from bulk sediment in the laboratory using centrifugation and
filtration techniques.

9.4. Appendix D - Bioassay Data Collection

Only surface sediment (0-10 cm) will be collected for the tests. The number of sampling locations are
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discussed in Section 9.4.1 and summarized in Table 36. The specific tests proposed for use are
described in Section 9.4.2.

9.4.1. Sample Locations

The AOC will be divided into twelve 0.5-mile sub-areas, and each of these will be further divided on
the basis of depth into shelf, slope, and channel. A target number of 25 sediment samples for chemical
analysis (excluding beach samples) will be collected from each AOC sub-area: ten shelf samples, ten
slope samples, and five channel samples. Based on a review of validated data available in SEDQUAL as
of January 2000, the exact number of locations per subarea was determined as described in Section
4.2.2. Samples for toxicity testing will be collected from five locations per sub-area: two shelf locations,
two slope locations, and one channel location.

At the comparison areas and candidate reference areas, bioassay samples will be collected at all
locations where sediment chemistry samples are collected. This will be a maximum of nine locations per
area, three locations in each major grain size regime, fine (>70percent fines), medium (30-70percent
fines), and coarse (<30percent fines), that matches a regime in the AOC, up to three regimes per area.

9.4.2. Sample Analyses

Three standardized bioassays will be used at each location tested: (1) the 10-day Chironomus
tentans (midge) test, (2) the 28-day Hyalella azteca (amphipod) test, and (3) the Microtox®

bioluminescence test. The 10-day C. tentans test is a chronic test that measures midge growth and
survival after ten days of exposure to contaminated sediment (ASTM 1998, USEPA 1994a). The 28-day
H. azteca test also is a chronic test that measures amphipod growth and survival after 28 days of
exposure to contaminated sediment (ERA in review); this method is included in EPA's revised guidance
for freshwater toxicity testing, which is expected to be available by April 2000 (Stahl 2000). The
Microtox® test measures the reduction in light emitted by a bioluminescent marine bacterium exposed to

porewater from contaminated sediment (EPA 1994b). Reduced luminescence, relative to a control, is
interpreted as an indication of toxicity.

For all tests, comparisons will be made to a reference sediment of similar grain size. In addition to the
reference sediment, a control sediment also will be included in each test. The control is a sediment in
which the organisms were cultured or some other "clean" sediment known to produce a consistently
acceptable level of survival and growth in the test organism. Ideally, the texture of the control sediment
should be similar to that of the test sediment. The control is generally used to assess test validity by
providing a benchmark for test animal performance. Further details on the tests are provided in PHSMP,
Appendix G, Section 5.2 (DEQ 1999), and in the references for each method given above.
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9.5. Appendix E - Fish and Shellfish Tissue Data Collection

A variety of fish and shellfish will be collected to determine the nature and extent of bioaccumulative
contaminants in potential human and ecological receptor food items and in ecological receptors, as well
as to assess the health of the fish themselves.

9.5.1. Sample Collection

Contrary to the sample collection strategy for parameters discussed in Appendices C and D, fish and
shellfish samples will be collected from only four separate areas on the Willamette River, including:

Downstream of the AOC (RM 0 - 3.5)

• In the AOC (RM 3.5-9.5)

• Upstream of the AOC but downstream of Willamette falls (RM 11.8 - RM 26)
• Upstream of Willamette Falls (greater than RM 27)

Several species of fish and shellfish will be collected to provide information relative to meeting Rl
objectives. For some species, compositing of multiple fish or shellfish will be required to provide enough
tissue for subsequent analysis of selected COIs, as well as to provide an estimate of spatial contaminant
concentration effects. In order to weight composite samples correctly, each fish will be homogenized
individually, equal aliquots from each fish sample will then be added to the composite. Finally, the
composite is homogenized prior to analysis.

Electrofishing will be used to collect fish along the shelf portion of the river. A boat mounted shocking
unit is typically used for sampling in water less than 5 meters in depth. For the DC unit to be most
efficient, water hardness should not be less than 25 mg/l, as CaCO3. Stunned fish will usually float to the
surface, where they can be easily collected. Trawler, trammel, or gill nets likely will be used to catch fish
in deeper water. Prior to sampling efforts, federally mandated permitting requirements for catch or take of
endangered salmonid species will need to be considered.

The field sampling program will be scheduled to provide the most complete information on
contaminant concentrations in fish tissue. Spring spawning seasons will be avoided, as best possible, due
to normal stress conditions associated with this period. Changes in feeding habits, fat content, respiration
rate, etc., occur during this period that may influence pollutant uptake and clearing. Fall sampling may be
the best choice for avoiding the spawning season, although salmonid and other species' spawning
seasons should be considered as well, as some occur during the fall.

At present, specific fish and shellfish have been selected as primary target species (Table 37). The
selection of these species is based on the data needs to meet Rl objectives for risk assessment to
humans and ecological receptors. Field variability may require selection of secondary target species in
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order to obtain sufficient tissue for analytical purposes. In addition, the results of the fishing practices
survey (see Section 4.1.5), scheduled prior to sampling efforts, may be used to alter selected target
species.

Sturgeon represent a worst-case exposure species due to their trophic status as a top-level predator
(i.e., fish-eating fish). In addition, sturgeon are an important fish with respect to human consumption.
Larger legal catch size organisms (approximately 100-125 cm total length; 40-48 inches) are older and
theoretically have accumulated higher levels of chemicals in their tissues. Sturgeon fillets (excluding any
skin or cartilage) will be used for the human health risk assessment due to potential exposure and
consumption by humans. In addition, roe, if present, will be analyzed. However, because sturgeon also
represent an important ecological endpoint, liver samples will be collected. Liver tissue has been shown
to be a target organ for accumulation of many chemicals. For normalization of lipophilic COIs, the lipid
content of each tissue will also be measured. Because of the large size of legally retainable sturgeon,
only individual fish samples will be analyzed. One potential problem with analysis of sturgeon is that these
organisms can migrate to the ocean, so attribution of chemical contaminants identified in the AOC may be
problematic.

Whole-body samples of large-scale suckers (20 - 45 cm total length TL; 8-18 inches) and northern
pike minnow (20-45 cm TL) will be collected to assess potential impacts on bald eagle, osprey, and other
terrestrial wildlife receptor species. Because these organisms are smaller than sturgeon, 5 to 8 individuals
will be composited into a single sample for each area, and five to eight composite samples will be
collected from each area. In order to weight samples correctly, fish will be homogenized individually, then
equal aliquots from each fish sample will be added to the composite. Finally, the composite will be
homogenized prior to analysis. Secondary target species to large-scale suckers include crappie (pelagic
food source for birds) and sculpin (rockfish, high site fidelity, but difficult to identify).

Carp will be divided into fillet and remainder fractions to assess potential impacts on human
consumers. Because of their smaller size (38 - 64 cm TL; 15 - 25 inches), 5-8 carp (> 300 grams total
weight) will be composited per sample, with five to eight composite samples collected from each area. As
with large-scale sucker, samples will be weighted by compositing aliquots from each fish prior to analysis.
Fillet concentrations will be used as the exposure concentration for human consumption. For whole-body,
human consumptive use practices, the fillet and remainder concentrations can then be combined, as a
weighted average, to calculate the total fish concentration.

Fish collected for tissue sample homogenization will consist of organisms of the same species, sex
and development stage, and size since these variables all affect chemical uptake. Fish intended for
composites should be of similar size so that the smallest individual in a composite is not less than 75
percent of the total length of the largest individual. Also, fish should be collected as close to the same
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time as possible but no more than 24 hours apart. Fish may be frozen if no histopathology is scheduled.

Invertebrates such as crayfish and clams will be collected within each of the four fish evaluation
areas. The field reconnaissance survey and SPI study will be used to prioritize sampling efforts in areas
where clams or crayfish are most likely to occur. A biological sampling dredge will be used to collect
clams. It is made of a heavy metal frame with rake-like teeth on the lower edge, attached to a heavy-duty
bag (canvas, net, chain, or wire). This gear, which is dragged along the bottom, collects organisms by
scouring the upper 4 to 6 inches of the substrate and dislodging buried bivalves as it is pulled along.
Crayfish (Pacifastacus sp.) will be collected by setting baited long-line traps. A goal of twenty crayfish will
be included in each composite sample for each sub-area, and up to 50 clams will be composited. Five
composite invertebrate samples of each type will be collected in each fishing area. Although the specific
clam species has not yet been determined, and may be altered following completion of the fishing
practices survey in Phase 1, it is predicted that the Asian clam Corbicula fluminea will be the species of
preference. Corbicula has been collected during several studies within the Lower Columbia River.

Table 37. Summary of Proposed Fish and Shellfish Tissue Samples

'o
Q.

CO

Sturgeon
(40-48
inches)

Large-scale
sucker (8-1 8
inches)

Squawfish
(8-18
inches)

Carp

Salmon
(juvenile
hatchery)

Lamprey

Crayfish

Clams
(exact
species
TBD)

•| i
Is
o

8

8

8

8

8

8

5

5

|f

!&

1 (individual fish)

5-8

5-8

5-8

50-60

7

20

50

Types of samples
Fillet, liver, lipid content,
roe (if present)

Whole body only

Whole body only

Fillet and remainder

Body, bile, stomach
contents, etc.

?

Flesh

Flesh

Rationale for inclusion
For evaluation of human
health consumption risks;
represents fish near top of
food chain

For evaluation of wildlife
consumption risks

For evaluation of wildlife
consumption risks

For evaluation of human
health and wildlife
consumption risks

Biomarkers f

For evaluation of human
health consumption risks

For evaluation of human
health consumption risks

For evaluation of human
health consumption risks

Possible
alternative

species
None

crappie, sculpin

crappie, sculpin

None

None

None

None

None
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9.5.2. Fish Sample Handling, Preservation, and Transport

Fish selected for laboratory analysis will be carefully handled to prevent contamination by the sampler
or by field equipment. It is suggested that forceps be used to handle selected specimens and reduce
cross contamination. After removal from the sampling gear or water, larger fish will be stunned by
applying a sharp blow to the base of the skull with a stick or metal hammer. The device should be used
solely for the purpose of stunning fish, and care should be taken to keep it reasonably clean to prevent
contamination of the samples.

Initially, fish will be identified to species level or the lowest practical taxonomic level. Weight and total
length may be measured in the field for all fish collected for subsequent laboratory analysis. This may be
done later in the laboratory for large individual fish, but field measurements may be necessary for
grouping smaller fish by length classes. Larger fish will be placed in pre-cleaned plastic bags, prior to
placing on ice for subsequent shipment to the laboratory. Smaller fish may be grouped by sizeclass into
individual samples. These samples will be wrapped in pre-rinsed heavy-duty aluminum foil, and then
placed in zip-lock bags to retain moisture content. Aluminum foil should be previously cleaned by rinsing
with acetone, rinsed again with pesticide grade hexane, and allowed to dry in a contaminant free area.

It is recommended that a few scales be stored separately and cross referenced by the identification
number assigned to the tissue specimen. For scale-less fish, the pectoral fin spines should be clipped
and saved. These scales or spines may be stored by sealing in small envelopes or plastic bags. This
technique provides a means by which the fish may be aged by a biologist if the need should arise. Aging
provides a good indication of the length of exposure to contamination.

Each sample container (bag) will be labeled with a unique number by which it may be readily
identified in the laboratory. The label will be waterproof and all information will be written with a ballpoint
pen or other waterproof ink. Labels will include pertinent sampling information including date, time,
sample identification number, and samplers' initials. Other pertinent information such as location,
sampling area depth, species, substrate, and water quality parameters such as temperature, dissolved
oxygen, pH, turbidity, and conductivity will be recorded in the field logbook. After labeling, samples will be
placed immediately on ice. To prevent decomposition from moisture loss and entrance of oxygen into the
tissues, samples should be cooled as quickly as possible after sampling. Sample custody forms will
accompany each cooler sent to the laboratory to maintain an accurate record of possession.

Ideally, all sample processing should be performed at a sample processing facility under clean room
conditions to reduce the possibility of sample contamination (Stober 1991).

9.5.3. Shellfish Sample Handling, Preservation, and Transport

Subsequent to sampling, all invertebrate samples will be rinsed thoroughly on-site to remove any
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surrounding sediment deposits. Samples will then be carefully inspected for damage in the sampling

process prior to packaging for transport to the laboratory. Shells or body tissue that have been damaged
by the sampling equipment will be discarded. Although clams are encased in protective shells, hand
contact will be kept to a minimum to reduce the risk of sample contamination. It is suggested that forceps
be used to handle selected specimens and reduce cross contamination. In addition, de-contamination of
sampling equipment will be necessary between sampling stations to further reduce cross contamination.
Although the van Veen sampler is stainless steel, it is possible that it can be contaminated by oils,
grease, or solvents between locations. Using a decontamination approach of initial soap washing with a
subsequent triple rinse with laboratory grade de-ionized water will eliminate this issue.

Specimens will not be removed from their shells in the field. Tissues will be excised from their shells

after transport to the lab. This will reduce the chance of contamination in the field. After the selected
samples have been rinsed and inspected, they will be placed in either clean Teflon bags, or wrapped in
clean, pre-rinsed heavy-duty aluminum foil, and then placed in zip-lock bags to retain moisture content.
Aluminum foil should be previously cleaned by rinsing with acetone, rinsed again with pesticide grade
hexane, and allowed to dry in a contaminant free area.

Each sample container (bag) will be labeled with a unique number by which it can be readily identified
in the laboratory. The label will be waterproof and all information will be written with a ballpoint pen or
other waterproof ink. Labels will include pertinent sampling information including date, time, sample
identification number, and samplers' initials. Other pertinent information such as location, sampling area
depth, species, substrate, and water quality parameters such as temperature, dissolved oxygen, pH,
turbidity, and conductivity will be recorded in the field logbook. After labeling, samples will be placed
immediately on ice or dry ice. To prevent decomposition from moisture loss and entrance of oxygen into
the tissues, samples should be frozen as quickly as possible after sampling. Sample custody forms will
accompany each cooler sent to the laboratory to maintain an accurate record of possession.

9.5.4. Sample Analysis

Whole fish stored on ice will be shipped from the field to the sample processing laboratory within 48
hours of collection. Frozen samples can be held for a longer period of time if required. In the laboratory,
fish will be weighed and the sex of each fish determined. The grinding/homogenization procedure may be
carried out more easily and efficiently if the sample has been frozen previously (Stober 1991). Therefore,
for whole-body treatment, the samples should be frozen (<20 °C) in the laboratory prior to being

homogenized. If samples arrive frozen at the laboratory, precautions should be taken during weighing and
sex determination to ensure that any liquid formed in thawing remains with the sample. The liquid will
contain target analyte contaminants and lipid material that should be included in the sample analysis.

Tissue samples will be analyzed for the following COIs: Metals, butyltins, PAHs, SVOCs, pesticides,
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herbicides, PCBs (including co-planar congeners), and dioxins/furans. All COIs will be target analytes in
all fish and shellfish tissue samples.

9.6. Appendix F - Acronyms

ACRONYM

ABS

ADP

AET

AOC

ARARs

ARL

BCF

BCOCs

BSAF

CAD

CBR

CDF

GDI

CERCLA

CFR

COC

COI

COPC

CPEC

CSF

CWA

DEQ

DMEF

DMP

DOT

DQO

EA

EIS

EPA

DEFINITION

Acoustic Backscatter

Acoustic Doppler Profile

Apparent Effects Thresholds

Area of Contamination

Applicable or Relevant and Appropriate Requirements
Acceptable Risk Level

Bio-Concentration Factor
Bioaccumulative Chemicals of Concern

Biota-Sediment Accumulation Function

Confined Aquatic Disposal

Critical Body Residue
Confined Disposal Facility

Chronic Daily Intake

Comprehensive Environmental Response, Compensation, and Liability Act

Code of Federal Regulations

Contaminants of Concern

Contaminants of Interest

Contaminants of Potential Concern

Contaminants of Potential Ecological Concern

Cancer Slope Factor
Clean Water Act

Oregon Department of Environmental Quality
Dredged Material Evaluation Framework
Data Management Plan
U.S. Department of Transportation

Data Quality Objective
Environmental Assessment

Environmental Impact Statement
Environmental Protection Agency
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ACRONYM

ERLs/ERMs

ESA

ESU

FS

FSP

CIS

GRA

HE AST

HGM

HI

HQ

IRIS

LADI

LDR

LOAEL

MBTA

MLLW

NAPL

NCEA

NCP

NEPA

NHPA

NMFS

NOAEL

NPDES

NPL

NRDA

NWI

OAR

OBS

ODFW

PAH

PCB

PHRIFSWP

DEFINITION

Effects Range Low/Effects Range Median

Endangered Species Act

Evolutionary Significant Units

Feasibility Study
Field Sampling Plan

Geographic Information System

General Response Action

Health Effects Assessment Summary Tables

Hydrogeomorphic

Hazard Index

Hazard Quotient

Integrated Risk Information System

Lifetime Average Daily Intake

Land Disposal Restrictions

Lowest Observed Adverse Effect Level

Migratory Bird Treaty Act

Mean Lower Low Water

Non-aqueous Phase Liquids
National Center for Environmental Assessment

National Contingency Plan
National Environmental Policy Act

National Historic Preservation Act

National Marine Fisheries Service

No Observed Adverse Effect Level

Natural Pollution Discharge Elimination System

National Priorities List

Natural Resource Damage Assessment

National Wetland Inventory

Oregon Administrative Rules

Optical Backscatter
Oregon Department of Fish and Wildlife

Polycyclic Aromatic Hydrocarbons

Polychlorinated Biphenyl

Portland Harbor Remedial Investigation/Feasability Study Work Plan
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ACRONYM

PHSMP

POTW

PRG

PRG

QA/QC

RAA

RAGS

RAO

RCRA

RfDs

Rl

RI/FS

RM

RME

RP

SEPA

SF

SOP

SOW

SPI

SQG

STA"

TCLP

TEC

TEF

TEL/PEL

TMDL

TP

TRV

TSC

TSCA

TTL

USAGE

USFWS

DEFINITION

Portland Harbor Sediment Management Plan

Publicly Owned Treatment Works

Preliminary Remedial Goal
Preliminary Remedial Goal

Quality Assurance/Quality Control

Remedial Action Alternative

Risk Assessment Guidance for Superfund
Remedial Action Objectives

Resource Conservation and Recovery Act

Reference Doses

Remedial Investigation

Remedial Investigation/Feasibility Study

River Mile

Reasonable Maximum Exposure

Responsible Party
State Environmental Policy Act
Slope Factor

Standard Operating Procedure

Scope of Work
Sediment Profile Imaging

Sediment Quality Guideline

Sediment Trend Analysis

Toxicity Characteristic Leaching Procedure

Trichloroethylene
Toxicity Equivalency Factor

Threshold Effects Levels/Probable Effects Levels

Total Maximum Daily Load

Temperature and Pressure

Toxicity Reference Value

Tissue Screening Concentrations

Toxic Substances Control Act
Target Tissue Level

U.S. Army Corps of Engineers

U.S. Fish and Wildlife Service
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ACRONYM

USGS

WHA

DEFINITION

U.S. Geological Survey
Wildlife Habitat Assessment
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